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SYNOPSIS. 


PART I—GENERAL. 


Building frames in preference to load-bearing walls for multi- 
storey buildings. Types of frames—single-storey, multi-storey, 
single-bay, multi-bay. Preliminary information required by 
designer—Design Codes and Specifications, loading, column bases 
and foundations, fire protection. Methods of design—simple 
DUE semi-rigid and fully rigid design. ^ Resistance to wind 
forces. 


PART II—SrMPLE DESIGN. 


Simple design of (a) a single-bay five-storey steel frame building, 
and (b) a three-bay, nine-storey steel frame building. Roof, 
floors, roof beams, wall-beams, main floor-beams and connections. 
Columns, column splices, riveting, column bases. Wind stress : 
analysis of a three-bay, nine-storey building frame. Beams and 
columns subjected to wind forces. Beam-to-column connections 
designed to withstand frame moments due to wind. 


PART III—FurrLv Rricip DESIGN. 


Limitations of simple design and alternative design methods. 
Slope-deflection analysis of a three-bay, nine-storey rigid steel 
building frame. Welded beam-to-column connections. Economy 
in steel resulting from rigid design. Suggestions for further 
study. 


DESIGN OF MULTI-STOREY 
STEEL FRAME BUILDINGS. 
By 
H. L. Horrawp, M.Sc.(Eng.), A.M.Inst.C.E. 


. Part I. 
GENERAL. 


For buildings of more than four or five storeys, load bearing 
walls would necessarily become very thick in the lower storeys, 
- so that not only would they be very expensive, but also they would 
occupy a disproportionate area in plan of the building. For tall 
buildings, too, it is necessary to investigate the stability under 
the influence of wind forces, and it is found that for a building of, 
say, twenty storeys the overturning moment due to wind pressure 
is very severe, and may be critical. Consequently, when a multi- 
storey building is projected a frame type of construction is to be 
preferred, since, in addition to the saving it will afford in space 
and in materials, it is better able to resist the heavy stresses set up 
by the vertical loading and by wind forces. Other advantages 
to be gained from frame construction lie in the reduction possible 
in construction time, since work may proceed on several wall 
panels and floors simultaneously, and in the use of lightweight 
prefabricated wall panels and floors which are particularly suited 
to multi-storey frame buildings. 


Building frames may be of one or more storeys and of one or 
more bays, as indicated in Fig. 1. The frame consists of the 
column members or *'stanchions" supporting the beams or girders 
which, in turn, carry the walls and floors of the building. 

It is intended to:deal in this pamphlet with the structural 
design of multi-storey steel building frames employed in the 
construction of office blocks, warehouses, shops, apartment 
buildings, hospitals, colleges and the like. The building frames 
examined in Part II are of one bay and three bays although, in 
general, the design methods are applicable no matter what the 


number of bays and storeys. 


Preliminary Information Required by Designer. 
Before the design for a steel building frame can be prepared 
certain information must be provided for the designer, viz. :— 


(1) Plans indicating the layout of each floor of the building with 
dimensions of rooms, positions of dividing walls, windows, 
B 
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doors, partitions, corridors, lift shafts and stairways, and 
any special openings. 

(2) Elevations indicating the number and heights of storeys, 
set backs and basements. 


(3) Loading. The superimposed loads appropriate to each floor 
should be specified, with details of any special loads, moving 
loads, and dynamic or shock loads. Wind forces must be 
ascertained for the locality, and the possibility of earth- 
quakes must be considered. 

(4) Foundation conditions and safe bearing pressures must be 
determined. 

(5) Position of proposed building with regard to building lines, 
and need for foundations to conform to such building lines. 

(6) Details of floors and roof construction, together with 
information regarding floor and ceiling finishes. 


(7) Information concerning wall construction, with details of any 
special cladding. 


(8) Fire-protection requirements. 


In particular cases further information to that supplied under 
the above headings may also be necessary. 


Codes and Specifications. 


The design of steel building frames, and their behaviour under 
load have for long occupied the attention of engineers throughout 
the world. As a result, there is in existence a considerable record 
of tests on actual frames, and of research work that has been 
conducted with a view to establishing a rational distribution of 
steel between the column and beam members of a frame. 


In Great Britain codes and specifications have been issued, 
from time to time, which govern the design of building frames, 
notably the Building By-Laws of the L.C.C., and the British 
Standard Specification No. 449, ‘‘The Use of Structural Steel in 
Buildings.” It is the intention in this pamphlet to adhere, in the 
main, to the provisions of the 1948 edition of the British Standard 
Specification in the examples of design. 

Other bodies such as the Building Research Station and the 
Institution of Structural Engineers have issued reports on 
investigations relating to building frames, and the bibliography 
contains a selection of publications on the subject. 


Loading. 


The superimposed loads on each floor of a building will depend 
on the purpose for which the building is intended. ^ For design 
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purposes B.S. 449 enumerates various classes of floor loads, and 
also ascribes values for horizontal design forces on parapets and 
balustrades. 

In addition to superimposed loads, the dead loads comprising 
the weights of roofing, flooring, walls, partitions, secondary beams, 
main beams and girders and stanchions of building frames must 
be estimated and allowed for in design. It will be seen in the 
examples of Part II that, by adopting a systematic method of 
designing each component in turn, the estimating of these wcights 
is reduced to a minimum. 

The effects of wind forces on tall buildings and their foundations 
are very important and must be investigated separately. 


Column Bases and Foundations. 


The base of a column of a multi-storey building frame may be 
regarded as hinged, but is usually conceived as fixed in position 
and capable of resisting bending. Consequently, the foundations, 
in addition to ensuring that the direct loads from the columns are 
transferred to the ground without relative settlement, are frequently 
called upon to restrain the base of the column as it tends to rotate 
under the action of induced moments. 


Fire Protection. 


Under the L.C.C. Building By-Laws the columns and beams 
of building frames must be protected from fire by encasing them 
in a fire-resisting material. The casing, which may be solid or 
hollow, is commonly of brickwork or dense concrete, although in 
recent years there have been reports of the use of asbestos 
compounds painted or sprayed on to fabric surrounding the steel 
member, with the object of providing a fire protection that does 
not add appreciably to the dead load. 

From Table 7 of the British Standard Code of Practice CP. 113 
(1948) it is seen that a minimum thickness of 2” of solid concrete 
or brickwork is required to ensure effective fire resistance for 


two hours. 


Methods of Design. 


Although the provisions of B.S. 449 are intended primarily 
with the so-called “Simple Design" procedure in mind, the designer 
is not restricted to any one method of building-frame design, but 
is, in fact, encouraged to consider employing alternative methods 
if by doing so economies will result in the use of steel. 


B.S. 449 in Clause 29 refers briefly to three methods of design 
for steel frameworks, viz. :— 
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(2) Simple design. 
(b) Semi-rigid design. 
(c) Fully rigid design. 
and it is interesting to note tnat these three methods of design are 
referred to in American Specifications.(!) 


(a) Simple Design. In the conventional mcthod of design the 
main floor beams are assumed to be simply supported by the 
columns, so that for vertical loading no restraining moments are 
transmitted through the beam-to-column connections. The 
columns are designed to support the beam reactions as direct loads 
and are considered to be subject to bending under the vertical 
loading, only to the extent imposed by the eccentricities of the 
beam reactions about both rectangular axes of the column. 


(b Semi-Rigid Design acknowledges the relief of bending 
. moment on the beams due to the partial restraint of the beam-to- 
column connections. The connections are designed to exert a 
known restraining moment on the beams, and in this method of 
design the effect of the restraining moment on the columns must be 
investigated. 


B.S. 449 directs that where this method is adopted the design 
shall be in conformity with the “Recommendations for Design" 
given in the Final Report of the Steel Structures Research 
Committee, 1936, but stipulates that the connections shall be 
riveted. It is important to appreciate that the conditions of 
method (a) for simple design rarely exist in practice, since even the 
simplest web-connections impart a restraint to the beam and cause 
bending in the columns—an effect to which concrete casing to the 
beams and columns will contribute. Again, in tall buildings, 
such restraint at the connections is usually required to ensure that 
the frame is braced against horizontal wind forces. Thus it is 
possible with simple design either that the connections will be 
insufficient to resist the frame moments that are set up, or that the 
bending imparted to the column members through such connections 
will prove to be critical. The superiority of method (b) then lies 
in the selection of a beam-to-column connection of known resistance 
moment, together with the investigation of the effect on the column 
of the moment transmitted by the connection. In the Final 
Report are given details of standard connections, together with 
tabulated values of the restraining moments that they exert at the 
ends of the beams. 


(c) Fully Rigid Design. In the design of a reinforced concrete 
building frame it is customary to investigate and to provide for the 


(?) The numbers in parenthesis refer to the bibliography at the end of the 
pamphlet. 
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moments that occur at the joints due to the rigidity of the frame. 
The same procedure is appropriate in the case of steel building 
frames where the joints are fully rigid as may be the case with 
welded connections. Rigid design for multi-storey steel building 
frames is said to afford appreciable economy in steel.) - 

Fully rigid design methods have been comparatively little used 
as yet in the commercial design of multi-storey steel building 
frames; the chief deterrent, perhaps, being that they require 
considerably more time in their application than does the simple 
method. It has been found that attempts to simplify rigid design 
methods lead to losses in accuracy and consequently in economy 
to a point where their use can no longer be justified on the grounds 
of steel saving. 

The numerous methods of rigid frame analysis that have been 
advanced and their development are in themselves an extensive 
subject quite outside the scope of this pamphlet. In Part III, 
following the design of a nine-storey, three-bay building frame 
according to the simple method of design, the same frame is re- - 
designed as a rigid frame by the application of a slope-deflection 
analysis that was first suggested in 1931. While it is not intended 
to imply that this method is necessarily superior to other methods, 
it is advantageous in that it is comparatively rapid in application 
and is, to a certain extent, self-checking. 


Resistance to Wind Forces. 


An investigation of the effects of wind forces on a tall building 
is required to ensure that :— 

(a) the building is stable as a whole and will not overturn. 
B.S. 449 stipulates that the building frame must be capable of 
withstanding the action of the wind forces, but regards general 
Stability computations for wind pressures as unnecessary in the 
case of buildings for which the height is less than three times the 
effective width, when stiffening is provided by the walls and floors. 

(b) the non-vertical wind forces on the building can be 
transmitted to the foundations without undue swaying of the 
building and risk of collapse. Wind pressures on a building give 
rise to forces that must be transferred to the foundations through 
the floors and framework of the building. Normally, diagonal 
bracing between the columns of a building frame is not feasible 
because of the interference it would cause to windows and doorways, - 
and in tall buildings the framework is braced against the horizontal 
wind loads by ensuring a degree of rigidity or restraint at the 
beam-to-column connections. This, in turn, will induce bending 
in both beams and columns which must be investigated. 

For design purposes the wind is considered to exert a horizontal 
pressure on the vertical surface of the building, the intensity of which 
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is related to the wind velocity. According to B.S. 449 (1948), 
Clause 11, the wind pressure may be regarded as uniform over the 
exposed vertical surface of the building, and the British Standard 
recommends values of the wind velocity for use in different parts 
of the British Isles, together with the equivalent pressures. Tests 
have indicated that there is in addition a suction effect on a flat 
roof due to a wind blowing horizontally, which may be regarded 
as a negative pressure (i.¢., vertically upwards) when the general 
stability of the building is considered. 


The usual procedure is to design the frame members first to 
resist the vertical dead and superimposed loads, and then to 
investigate the variation in the stresses in these members due to 
wind forces. In accordance with Clause 25 of B.S. 449 the section 
adopted for a member from a consideration of vertical dead and 
superimposed loading is considered to be adequate if the increase 
in stress due to wind forces is not more than 25 per cent. of the 
permissible stress for the member. The influence of wind forces 


on a building frame and its connections will be investigated in 
Part II. 


PART II. 


SIMPLE DESIGN. 


(A) Design of a Single-Bay, Five-Storey Steel Frame Factory 
i Building. 


The building of Design Example (A) is to form a wing of a 
factory, and for purposes of design the Class VII superimposed 
floor load from Table 1 of B.S. 449 is adopted. The frames are 
spaced 15' 0” apart and are connected by wall beams and by two 
floor beams at each floor level, so that the floors are divided into 
panels as shown in Fig. 7 (Design Sheet A/2). 


Roof.—A flat roof is required, and since this will not normally 
be accessible except for maintenance the design load on the roof 
is taken as 30 Ib./sq. ft. There is little to be gained in varying 

the roof-slab construction from that employed for the floors, so 
that the same filler-joist slab will be adopted. . 


Floors.—The floor construction, as with the roof, may take one 
of several forms commonly employed such as a reinforced concrete 
slab or a filler-joist slab. Alternatively, consideration might be 
given to the use of a patent light-weight fire-resisting floor of 
hollow bricks or tiles. A detailed consideration of various forms 
of floor construction would be out of place here, and in Example (A) 
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a 6" filler-joist slab is employed in accordance with Clause 26 of 
B.S. 449. The top flanges of the joists will be cut away at each 
end so that they may be connected to the webs of the wall-beams 
and subsidiary floor-beams with their top flanges flush. (Fig. 10, 
Design Sheet A/3). 


Floor Beams.—The subsidiary floor-beams Mk. S!S! frame 
into the main floor-bear-^ (the roof construction being similar). 
It is evident from Fig. - tuat the main beams of the frame will 
support a part of the floor slab and superimposed loading directly 
along their length. However, in design this effect may be ignored 
and in Design Sheet A/3 the load on the subsidiary floor-beams is 
assumed to be uniformly distributed. In accordance with simple 
design procedure the beam moments and reactions are computed 
as if the beams are simply supported, such end restraint as may be 
imposed by the connections being ignored. As will be seen later, 
the beam moments and shears in tall buildings are appreciably 
modified by wind forces. All floors and floor-beams and 
connections will be the same throughout the five-storey building. 


End Connections.—The end connections for the subsidiary floor- 
beams Mk. S! S! consist of cleats in pairs attached to the webs of 
the beams. 

Beam-to-column connections may also consist of web-cleats 
alone, although it is customary to attach a small shelf-angle to the 
column to facilitate erection. This shelf-angle may be ignored 
in the design of the connection, all of the end reaction being 
transferred through the web-cleats. ^ Alternatively. the shelf- 
angle may be strengthened to carry the full end reaction itself or 
in combination with web-cleats (Figs. 2 (a) and (b)). 


(6) 
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When a seat connection is designed to carry the full end reaction, 
the shelf-angle may be stiffened if need be to increase its capacity 
(Fig. 2(b)). The stiffeners which are machined to fit tightly 
under the horizontal leg of the angle are proportioned to carry the 
entire reaction in bearing. Rivets connecting the shelf-angle and 
stiffener to the column flange in Fig. 2 (b) are in single-shear, and 
since some of them pass through a packing piece their number 
must be increased in accordance with Clause 41 (e) of B.S. 449. 
A clip-angle is usually provided at the upper flange of the beam in 
the absence of web-cleats, to hold it in position against any 
tendency to lateral movement. 

The end connections of the main beams in Example (A) (Design 
Sheets A/2 and A/4) are designed for the vertical end reaction only 
on the assumption that there is no end moment, although, in fact, 
there will be a restraining moment developed as the beam deflects. 
Since the connections are relatively flexible it is to be expected 
that they will yield, giving rise to a stress distribution that would 
be impossible to analyse. In tall buildings the beam-to-column 
connections must also be proportioned to withstand the frame 
moments due to wind forces in cases where other means of bracing 
against the action of the wind are not provided. (See Design 
Sheets B/19 to B/22). 

It is good practice in the design of connections to select the 
cleats so that the bearing value of a rivet on the leg of the cleat 
is not less than the single-shear value of the rivets employed. 
The handbooks (39 issued by the firms which produce structural 
steel provide details of standard web-cleat connections for all 
sizes of rolled steel joists, that are adequate for the maximum 
distributed loads on normal spans at specified stresses. 


' Columns.—In the simple method of design the columns of each 
storey are treated as "medium columns", that is to say that under 
an increasing axial load failure of the column would resuit from 
buckling in conjunction with the direct stress. The buckling 
effect is provided for in design by relating the permissible axial 
compressive stress on the column to its slenderness-ratio given by 
its effective length divided by its least radius of gyration. In 
Table 7 of B.S. 449 are given values of the permissible axial 
compressive stress Fa on a column, obtained from the empirical - 
straight-line formula l 

F, (tons/sq. in.) = 9-0 - 0-049 7r ..... (i) 
for values of the slenderness-ratio between l/r = 0, and ljr = 80. 
When J/r exceeds 80 the tabulated values of F, in Table 7 are 
obtained from the Perry-Robertson strut formula given in 
Appendix C of the British Standard, although in practice the 
slenderness-ratio of a column in any storey of a multi-storey steel 


frame will rarely exceed 80. 
c 
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= /O22 fons 


= 10°38 


82 - 
82 * 


3o - 


Tela! UD. Load on beam - 2175 Ib. ff 
Max. = 27Sa taol + 2730 fon-ft 
Af Fy = /Ofoos[i? Z rege. = 2730412 = 32-76 in? 
Adopt a /2'4 5%, 32 lb RSI Ae Ses ae. Sle. eee ses 
Total lead on beam - 2/75/15" = /^9:56 fons 
End reactions ne - 7:20 -~ 
End connections es fer subsidiary | floor- beams 


Au 
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Main Flor Beams. Mk. EB 


Span: 27-0" at /5'-o" centres 
i] 


Column 


9'-o* 


t 27-0" i 


Fig. ff . 


Reaction from subsidiary floor beams 13-88 fons. 
Beam, self-wt. say 100 {b/ft 


Casing 12's 17s [40%= 0:98 * 
I2 12 
Total U.D. Load on beam - 298 * 


Max B.M.- /3:68« 9.0'» 39px27)- 134-85 fon -ff. 
2240x 


At & ~ 'Ofeos/i5*, Z requa. -24/54.35x/2 = 16f-2 io? 
Adopt a 20". 74°x B9 b. RSJ. A = 2679n? Z- 16729 in? 
Total load on beam 225 /3-58v 258127- 30-74. fons. 
End reaction - ($537 ° 
Connect fo column flanges by means 
of 2/34 3445" Cleats, using % rivers, 
(Fig. i2) with a 35'455".3 Shelf-angle. 
Bearing value of SN? X rivets om web 
of beam = 5/0-813x0-604/2-0 = 29-2 fons. 
Sthole-shear value of JON? 3” rivets 
= Øf T xOBis"xS:0 = 25:9fons. 
(Stresses of 2-0 fons[//5* fər bearing 
on Shop-driven rivets, aod S-o ons» 
for shear of fiald-crivan rivets are 


Bose perms tlead undar B.S.449. C/.23.) 
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The value assigned to the effective length / in a particular case 
depends on the degree of fixity at the ends of the column, and this 
is very much a matter of judgment on the part of the designer. 
The range of end conditions for the columns of building frames are 
illustrated in Appendix E of B.S. 449, and corresponding values 
of ! recommended for design in terms of the actual length L between 
points of lateral support are given in Table 15 of the British 
Standard. 

A main column or stanchion of a multi-storey building frame 
is usually continuous from the foundation to the roof level although 
not necessarily of uniform section throughout. It is common for 
the stronger axes of the columns to be aligned at right-angles to the 
main frames of the building, as is the case in both Design Examples 
(A) and (B). This practice is, however, by no means universal. 
Architectural considerations may lead to the columns being placed 
with their stronger axes in line with the main frames and it is 
sometimes the case for the external columns of a multi-bay frame 
to be arranged with their major axes at right-angles to those of 
internal columns of the same frame (Fig. 14). 


Fig. Iq. 


The loading (apart from the self-weight of the column and any 
casing) is transferred to the column from the beams that frame 
into it at each floor, and such loading is generally eccentric due to 
the fact that the beam-to-column connections are made at the 
outer face of the flanges or to the web of the column. The 
eccentricity of the loading gives rise to bending stresses in the column 
as well as direct compression, with the result that the capacity of 
the column is decreased as compared with an axially loaded column. 
Thesimple method employed in Design Example (A) ignores bending 
of the column due to restraint at the beam-to-column connections. 

The simple design procedure for proportioning a column is to 
choose a trial section first of all on the basis of the direct compression, 
and to investigate the resultant stresses due to the direct compression 
and bending caused by the eccentric beam reactions on the column. 
According to Clause 22 of B.S. 449 a column subject to both axial 
compression and compression due to bending should be proportioned 
such that 

f a fi bc 


a Oe a o e (d 
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where fa = the axial compressive stress 


F, = the permissible compressive stress in the column when 
subject to axial loading only 


fec = the sum of the compressive stresses due to bending 
about both rectangular axes of the column section and 


Fpe = the permissible compressive bending stress on a member 


The equation of condition (ii) above may be rewritten in the 
general form :— 
P M.c 


E.A Agi 


Tl 


or 


P 2 M.c BI 
Fa A Foye A E 
whence the required area of the column-section 
P M.c 
A — 
4 Fa E Foe 72 


indicating that the required area A must’be not less than the sum 
of the areas required for direct load (Aa) and bending (Ay,). 


The process of selecting a section and checking may need to be 
repeated several times before the most satisfactory section is 
determined. 


In calculating the loading on the column in Design Sheet A/5, 
no reduction has been made in the total superimposed loading 
incident on the column at each descending floor level. B.S. 449, 
in Clause 8, acknowledges that it is unlikely that the full design 
load will occur on all floors simultaneously by permitting a gradual 
reduction in the superimposed loading as each storey length of the 
column is considered from the roof down. However, Design (A) is 
for a factory building wherein it is likely that some floors will be 
used for storage and machinery employed. In Design Example (B) 
advantage is taken of the permissible reduction of floor loads in 
column design. 


It is evident from Design Sheets A/5-A/8 that whereas the 
preliminary trial for the column section must commence at the base 
where the load is heaviest and work upwards to establish a suitable 
tapering of the column, the final checking is conveniently worked 
through from roof to base, immediately above each floor. Where 
the change in column section occurs at alternate floors it is only 
necessary (when the loading on all floors is the same or very nearly 
so) to check that the section is suitable at the levels of the splices. 
Thus, in Example (A) it would suffice if the check on the column 


= Aa + Ape 
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Als. 
Columns Mk.C. 


Class Vij loading from B.S.449, Table 7. No reduction made tn 
fotal Superimposed load on columns 


Direct Load on Column: 


from main roof beams 8:98 fons. 
- edge - 6:50 - 
“9 : Column 
Self-wf and casing, say Oo:$o - Spices 
Load above 4* Floor = 75°98 fons 


From main beams (4#* Floor) 1537 - 


s wa ff Š E 14°56 o 
Self- wt, and casing, sag o-50 - 
Load above 37" Floor — 46-4! fons 


From main beams (3" Floor) 15-37 - 
- wal - 2 (4°56 = 


Self- wt. and casing, Sag o-7S » 
Load above 2^7 Floor — 77-99 fons 


From main beams (2% Floor) 15-37 * 
s wai i ^ (4-356 - 

Se(f- wk and casing, Sag o:75 * 

Load above !*' Floor. = 707-77 fons 


From main beams ( /** Floor) 15:37 * 


š wadi “ “ (4°56 « 
Self-wt.and casing, sag f-00 « Fig. 16 
Load above base. =138°70 fons 


Preliminary Trial with a basic 12°«6" RSJ provides foo great a 
reserve of sfrength in the upper storeys. 
Try e 10% G's 40 (b. RST with 2/9°% 34" plates im the 1% Sforey 
tapering fo e plain 10°«G" x40 lb. RST Above the 37 floor, 
Above #* Floor. 
Assume a 10%. 6"x 40 lb. RST to be sufficient in both S* and 
+” sforegs. 

A= ITI in 

I, -3204:80 int 

Zx” 40:96 in? 


haa FONT do. by = 636" 
With concrete casing (B.S-t-9.CL.IBb) Min. Gy = 92(6+4) = 2-0" 
fer 5* sloray columns La /20", l = 120%0-85 - 102" 
end z E {92 e 31. for which & = 6°52 tors f i»? 


Direct hod- /5-98 fons " 
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Als. 


Columns Mk.C (Contd) 
end £ = 15:98 = 1636 fonsfin® 
HFT 
Eccentricitias of reactions from beams on column af #% floor: 
eum s+ Ld (say) = 5-5° e,, = o 
Column bending moment due eccentric loading at 4% floor (s 
Shared equally between the S* and +” storey column-lengths 


(8S. #49. Ch 376.) Ro fe 
Ma = &(ssyes) = 42:2 fon-ins. 
Bending moment on S storey columns ef roof oss 42:2 4*F/. 
= 8:98:55 - 49-4 feo-ins. Fig (T 
So thet on S® storey columns tha moment af roof-leve/ governs. 
then Be = 49:40 - 420 foos[in? 
4O- 96 
eod fa + f. - ^36 » ^20 < f. 
E É. 652 70-6 


Above 3/7 Floor 


Assume o /O"x 6"x 4Olb. RST fo be sufficient in the 4'" sfe-ey 
and e /O'«G'^40o 5. RST with 2/9".S&" plates in the 3 storey. 


For 4% Storey columos La /44" la 49:070 m 101" 
z ‘or 7 - 6 ` 
and z- i$ - Sod for which A 6:54 fors] is? 


Direct flood 9» F641 fons. 
and h = 46:41 - 3-95 fons /in? 
ETT 
A column splice occurs immedrefely above the 
3° floor, and eccentricity of load of 3"* floor:- 
eo S'eMeA(sey)- 2-88" 


for 4% storey columns Inne 204.80 - ^2 fag. 18: 
A (44 
- gv - Š Iis 386-5! - 269 
dE /44 


Bending moment in 4+” storey due fo eccentricity of bads af 3 


flor My = Ra» ses) = 3-2 fen-ios. M,= o 
^*2«2-69 ` 
/ = 3^2 - 0:76 fons/i5* 
4o-36 e 
ed £+ fe = 396,076 = ©œ68/ -occopfed! 
4 As da 40°90 


Above 2°% Floor, 
Assume à 10% 6'x40b. RST with 2/9" 9g plates fo be sufficient 
in both 3° and 2°¢ storeys. 

A = (77€ OTS = (8:52 in® 


u 
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Columns Mk. C. (Coora) 
4,4, 720480 +/QI-% = 386°'Si tnt 


Z,- 3865/2 - T2 0 in? 
` 70:76 


Due fo concrefe casing Mim. Fy = o-2(b+4) = 26" 
For 3° storey columns L =  ^*4" l ^07 = for” 
and & - fe = 38-9 far which &- TU fons//o? 

r 2:6 


Direct ad= 77. O9fops 


end Z - 77-09 - 4/6 tons fin 
7852 | 
Bending moment in 3% Storey columns dua fo eccentricity 


of loads at 2^" floor: 


^e, = da(eesye 5:88) =- 45-2 fon-ins. My =- 0 
fi - 45-2 = o:65 fons fia 
72-0 


Above /** Floor 
Assume a /O'x 6'x40l. RST with 2/9 ¥ plates fo be 
sufficient in the 2°? storey and a 1026's 40 lb. RST with 
2/9%:% plates in the IT storey. 
for 2°¢ storey Columns L = 144° 


and L =a 36-9 as before, So that 
r à 


È - ^Y = /0:" 
4 a T- fons / i 


Direct /oad- 107-77 tors 


aod £ = 107-77 - 8-82 fons fin* 
"78:32 


A column splice occurs immediately above 
he / floor, and eccentricity of /"** floor: 
eT SR th" Gay) = 625^". 


For 2^' Shrey columns La = 386-5! E 2:69 
Z 744 


Lean 595-49 - 3:34 
T 18° 


Bending moment in 2"* storey columns dua fo eccentricity 
of loads at /'l' floor: 

Ma = fa (15-37: 625) - $8.0 fon -ibs. My- o 
o 67 Tons jin? 


and $82 «90:67 - 9 885 - accepted *. 


7u o0 


PP 
* 

me 
L| 


Base fo /*6 Floor 
Assume & (0°12 6" 40 [5 RSI. with 2/9". % plates fo be 


sufficiant 
A =œ UIT ¢ 13 580 = 25 27 tn? 
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Columns _ Mk.C Cont.) 
I,, -204.80*390.69- 595-49 int 
Za =” S95-49%2 -= 1023°70 tn? 
WSO 
For 1% storey columns La 180" l = 180 10:85 = 153° 
iL = 159 = 588 for which E = 6S tens fin? 
r 2-6 
Direct food = 138°70 fons 
eod £ = 138-70 5:50 tons/in* 
25627 


Bending moment in I Storey columns due fo eccentricity 
of loads af 1° Floor: 
(HL. = 4(1537"625) 48:0 fon-ins. 
- 48:9 O-46 fons /in+ 
0870o 


S50 99:6 = 0941, -acce pled! 
67s /2°0 


Columa Splices and Riveting. 

Splices to occur above /* and 3" Floors. Ends of column- 
lengths joined by splice -fo be machined square and faced 
for bearing over whole area (B.S.449, Ci. Sob.) 

Adopt 2 ota. rivets throughout. 

Thickness of flange plates above 1" floor M, So that in 
Conformity with Clause 42a. of &.S.«49 a normal rivet 
pitch of /6.X €" wil] be adopted. This pitch fo be 
reduced fo 3" in splices and tm region of beem-fo- 
column connections (Clause #26.) 


Length of splice plates above and below plane of jot 


fo be pot fess than 9°- the width of Flange (Clause Sob.) 
Adopt 24%. 9% %" flange Splice plates for both splices 
with /S"w& 9" A packing pieces. ( Fig. 2t). 
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section were made immediately above the 3rd and 1st floors in 
addition to a check at the base of the column. 


The concrete casing around the H-section columns (provided it 
is of a 1:2 :4 mix or richer, and is of solid section and reinforced 
as indicated in Fig. 20) will increase their load-carrying capacity 
(see Eq. (i)) according to the extent that the radius of gyration 
about the weak axis obtained from 7 = 0.2 (b+4), exceeds the 
minimum value of 7 for the plain section. A limit to the maximum 
value of F, for the cased section is however set in.B.S. 449 at 50% 
above the value for the plain section. A similar relationship due 
to concrete casing is given for the maximum permissible compressive 
stress due to bending Fy., and the maximum values of both Fa and 
Fs. should be checked for all cased columns designed in accordance 
with B.S. 449. Thus, on Design Sheet A/5, the least radius of 
gyration for the plain 10" x 6" x 401b. R.S.J. column isr yy = 1.36" 
for which 

Lr = 102/1.36 = 75 and F, = 5.36 tons[in.? 

An increase of 50% would give Fa = 5.36 + 2.68 = 8.04 tons/in.?, 
and since the value of Fa for the cased section of 6.52 tons/in.? is 
less than F, + 50% for the plain section it is the correct value to 
adopt. For the cased section the minimum value of ryy = 0.2 
(0+4) = 2.0’, and hence ?7xx/7yy = 4.17/2.00 = 2.18, for which 
from Clause 19 (c) of B.S. 449 (1948) the bending stress factor 
K, = 1.50, so that Fpc is equal to the lesser of 


1,000 1,000 x 1.50 
> K,, i.e.. ———.—— = 294 in.? 
7 x Ky 51 tons/in 


The eccentricities of the beam reactions depend on the type of 
connection (see Table 16, Clause 37 (a) of B.S. 449), and in Design 
Example (A) the eccentricity exx 1S assumed to be equal to half the 


10.0 tons/in.?, or 


Stirrups or 
binding wire 
Je min. diem. 
at 6" max. pifch 


Fig. 20 
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depth of the column section at each beam connection plus a 
nominal 4”. The division of the eccentricity moments between the . 
column lengths above and below the beam is made in accordance 
with Clause 37 (b) of the British Standard. 


Column Splices.—A convenient length of column for handling 
during erection will often extend through two storeys, so that 
splices occur just above alternate floors. For example, the 
position of the splices in the five-storey building frame of Example (À) 
are arranged to occur at approximately 15 inches above the top 
flanges of the beams at the Ist and 3rd floors. The distance 
between column splices in the lower storeys of a tall building may 
be restricted to the single storey height, since the weight per foot 
of the columns will be much greater here than in the upper storeys. 


The direct compressive stress at a splice in the column of 
Example (A) is in excess of the tensile stress due to bending, so 
that compression will exist over the full section. When this is so, 
and providing the two abutting ends are machined square to ensure 
full bearing at the splice, the splice plates are required only to hold 
the two lengths of column in line, and their thickness need be no 
greater than that of the thinner of the column flange plates at the 
splice. The length of the splice plates above and below the plane 
of the joint, according to Clause 50 (b) of B.S. 449, should be not 
less than the width of the flange at the splice. 


Packing pieces are used to make up any difference in the depth 
of the section of the two column lengths joined at a splice, and 
such packings may be extended beyond the splice plates on the 
lighter column length and attached in the shop by means of the 
first shop rivets (Fig. 21, Design Sheet A/9). 


Riveting.—The pitch of the rivets attaching flange plates to 
the joist of a column is governed by Clause 42 of the British 
Standard. In Design Example (A) the normal pitch is accordingly 
6" and is reduced to 3" in the region of the beam-to-column 
connections and in the splices. 


Column Bases.—The dead load on the windward column will 
provide a stability moment well in excess of the overturning moment 
due to wind forces, and it is reasonable to assume that the base of 
the column will distribute the load uniformly, so that a slab base 
is all that is required. The load is transmitted directly by the 
bearing of the machined end of the column on the slab, so that the 
size of the angle-cleats and riveting are not subject to special 
calculations in this case. In Design Example (B) a gusseted column 
base will be designed to withstand the end moment in the column 
due to wind forces as well as the direct load. 
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Column Base 

The columns are fo be 
provided with e slab base 
proportioned in accordance 
wilh Clause Soc. (ti) of B.S.449 
End of column with angle cíecfs 
attached fo be machined square 
so that bearing s frue over 


entire area. 


Load an base = 38:78 fons 
At pressure of #0 fons ft> on 


concrete foundation : 
Area of slab base X% /38:78 = 3-47 fr’ 
. FO 


Adopt a 2-3" x 2-0" s/ab, oreo 4:60 f^* 
ond, bearing pressure w 438-78 
. : 4 5xk/T 
Fig. 27 
(02/5 fons fin? 
Slab threknass € =y 3 (2-2) - Js 0-215 (7-76 "= 7.So*) 
5 + WC 


- ^87" sey /X 


Connect column fo base plate by means of 724%: $^ chals 
end 4N° faa stud screws after plate s aaf m position 
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(B) Design of a Three-Bay, Nine-Storey Steel Frame College 
Building. 


The superimposed load adopted for classrooms in Design 
Example (B) is 100 lb. per sq. ft: and this loading is also applied to 
the centre bay which provides a hallway at each floor. For the 
roof design a superimposed load of 60lb. per sq. ft. is employed, the 
intention being that the roof will be used from time to time for 
College activities. | Two elevators are to be accommodated in the 
centre of the building as indicated in Fig. 25 which shows a line 
plan of the roof beams. Fig. 24 is an outline of a main frame of 
the building, and indicates the widths of the bays and heights of 
storeys. . 


Roof and Floors.—The roof and floors are of a reinforced 
concrete T-beam and hollow tile construction as indicated in Fig. 22. 
The panels span 20 ft. in each direction in the outer bays. 


JOE 


Section XX 
Fig. 22. 
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Beams.—It is assumed that the distributed dead and super- 
imposed loads on the square panels are divided among all the 
supporting beams in proportion to the tributary areas of the panel 
formed by the centre-lines of the beams and the 45-degree lines 
from the corners of the panels as indicated in Fig. 23. In the case 
of the rectangular centre bay panels the distributed loading on the 
longitudinal beams Mk. F51, F52, F53, etc., is modified as shown. 
Thus, on Design Sheet B/5, the panel load for the main beams 
Mk. F1, F2, F3, etc., is equal to the.total uniformly distributed 
load of 200 Ib. per sq. ft. multiplied by the tributary areas of two 
adjacent panels, viz :— 

L4 x ; 
2/2008 x MI = 40,000 Ib. 


The bending moment on the beam is composed of two quantities 
W, .L 
8 


W,.L f 
representing a for the triangular panel loading and 


for the load distributed uniformly along the beam consisting of the 
internal wall and the casing to and self-weight of the beam. 


Distribution of anel Loads 
Fig. 23. 


Columns.—The design of the columns in Example (B) is carried 
through in a similar manner to that of Example (A) except that in 
each storey the superimposed loading on the columns is reduced in 
accordance with Clause 8 of the British Standard (see Design Sheets 
B/7, R/12, and B/14) and the column sections are checked at the 
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af 
Design of o 3-Bay 9-Storey Steel-Frame College Building. 
Superimposed /oeds:- Roof 60 Ib[f?? 


Floors 100 .]€>> 


Two elevators, each of fofa/ waighf = 10 fons era supported ef 


mid-sban of roof baams Mk. RSi. anad Ret. (79.25) 


Parapet | seo 
Uniformly Distributed Load on Roof Roof - 
Super load = 60 Ib. Jer 


9"slab with 8'48". 6€'deep tiles « 65 -> 


Roof finish , seg fo * 
Ceiling finish, say s 
Total U.D. Load =/#0 ib./ft? 


Main Roof-Beams Mk. R1, R2, R3 ete. 


Panel load afit o"a 10x 20! = 28,000 ib. 
a 
Beam, self-wh af soy #5 tb./ft. 
4S 2206 900 - 


Casing, say WaS sigo aon 1750 * 
Fas BORREN 
Total load on beam =30,6 Solh 


= 73-68 fons. 
End reaction = 6-84 * 


Max. B.M m 28000 s20 26502 20' 
2240 ae 224084 


44:56 tan-ff, 


5 


Z requ. = 449:56x 2 o 53:50 int 


10 tons/in* z 


70 
Adopt à /5", 5"& 42 ib. RST. 

I {= 428-49 int Z = 57A in? 
Use x rivets in and- connections 


(for design of which see Dasign 
Sheets aj - 8/22.) 


© 
Roof Plan 
Fig. 25 
Deflection dua fo dead load: 


(i) Triangular bane! load a 1. W? am f „/6000a(201/2})> & 0-297; 
60 &. 60 239«!0*. 428.49 


(i) Beam self-wh and casing = S.W = S. 2650 (20/012) 


- Q'O3& » 
584 EL 384 2954/0" 428.49 


Deflection due fo superimposed load 
(ii) Triangular panel load = 


me 


3 : 
n L n 42.000 «(294 2) = O2253^ 
6o a9 4/0". 428.495 


Total deflac/;om at mid -sban 
Max. permissible. cdeflaction (8.s. 4-49. C/. 34.) 


- Span 2 20a /2 = o 739 « 
326 aas 
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Main Roof-Beams. Mk. RSI. Span 1o'-o* 
Panci load Rfid 05 a 12 = 7,000 ib. 
Beam, self-wt at say 3S6. /ff..— 35aiò' « 3so - 
Casing, say aq rn w0 ë a 390 - 
Elevator reaction x 2(5% 2240) = 22.400 - 
Tota! load or» boem = 30.140 Ib. 13-46 fons 
End reaction 6.73 
Meas BAM. - Tooos!o 740119 "2 (5^ ro") 50-6/ fon-ft 
234026 " 224048 * + 
* Reaction and B.M due te elevator /oed ara doubled fo provide 
for impact and vibration affects 
Z. equa, = 30-6122 = 5675 n! 
Adopt a /o"4 6's pre RSJ. I = 204-80 nt Z= 40:96 int 


Elevator Roof-Baams Mk. GI. 

Tefal load om baam (os for beam Mk. Rs but without triangular 
panel /oad ) a 23,140 b. = 70:80 tons 
Adopt a io": G'a 40 h. RSJ os for beam Mk. RSI. 


Main Roof-Beams 1k. Rit, Riz, efc. Span 1o'-o0" 
Total lead on beam (as for baam Mk.R 5I. bu? without elevator 


reaction) : = 7,740 ib. = 3 46 fons. 


End reaction = “73 c 


Max. B.M, 4 9004/0 740 a/o' 5-62 fon -f*. 
2240246 2240.8 


Z roqud. = S-62n/2 = 675 in? 
T 
Thue i^ oppaers Thef o baam of much Ógbfar Section than 


for beam Me. R&I ts Calad for. Even se it wil suit the ofbpear- 


«nca of the ceilings belfer and simplify construction if a beam 
of the sama clabfh- (^. 1)0')-/s adopted Also additional strength 

wil ba ef service in centre- bay of frame in reuisting neon-vertical 
forces. 

Adopf a Jo's S" x 50 bb. Rsv. Ion 4643 nt Z 229.28 in? 
for design of end -connections see Dosign Sheets Ajo - B/22 


End Roof- Baar s ^k. R41. Spen 2o'-o* 

Fane! load ItO 45' 412 a 3,500 h. 

Parapet 3-5' » 710" a s 3,850 - 

Beam, se/fwt. and casing, say 740 * 
Tota) load on beam 8,090 Ib. = 3:62 fons. 
End reaction = VM 
Adopt a /0%s $"« 30%. RSJ as for beams Mk Ru, R12 efc. 
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Eaga Reof-Baams. Mk. R2, R22. efe. Spon 20o'-o" m 
(Similarly for End Roof-Beams Mk. R3.ond R32.) 

Panel load 140% n10'n 20° 2 14,000 lb. 

Paraper 35% 110% 20's 7700 - 

Baer seewk ef say 30 ib.[Fr. 30420’ = 600 * 

Casing, Sey 9°06" x (ed 20'- 1,060 ° 
Total laad o» beam tt = 23,350 tb. = 10:44 fons 
End reaction = S2A* 


Mar B.M. - 74,000 x 20° + $35osao! a 3525 fon-th 
2240 "6 224048 


Z requ = 34254 /2, = 37:50 in? 
7o . 
Adopf à 72% 5"4 32%, RSS. I = 22¢+07int Z 23684 m. 


Uemg % rivers in 2/34" 35°23 n Ot long wab-clasf connections: 
N°? of rivets raqu'q. in bearing o» web = 5:22 - a (^ti) 
Q:0/« 0-42 4/2: 0 


N? of rivefe raqut. in Singla- shear - 5.22 a 4 (Say) 
X s (081) 5-o 
+ 
(4.8. The and-connactions for the End Roof-Beama fk. R3! 
and R32. which form part of a frransvarsa frama must alto 


include Flange clasts fo resist frame moments due fo non- 
verfica] forces, See Design Sheaat Bits. 


Deflection due fo dead load: 


(i) Trranguler bene! load a L WD "ES 8poox(2n»/3) .. O-A8 7 i. 
6o ET 60 2941054 22707 


(5) Beam salf-wh casing and parapat 
-SWV = S 29,3504(2002P_ o. . 
384+ EI | 584 35.:59. 43/93 ^ O 29? 
Deflection dua fo superimposad load: 
(E) Triangular bene! load = L. WL? = / «G000n(20%12) m 0-276 


60 EI 6O 292/0%, 221-07 
Total daflection at mid-sban = 0:766 in. 
Mex. permissible detlactian=a Spar = 20's /2' "= 739. 


327 5425 


Tha beam selected will suffice since dn fact both daad and 
live load claflections will bae fase than those computed due 
fo support contributed by sh*fFnass ot parapet, baam 
easing and wall pane! balow beam. » 

(see Fig. 26.) 
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Ah. 


Longitudinal Roof-Beams Mk. 9? 9/, RBA, cfc Span 20-0" 
Panel load /? Ipon 10's 20 = 14.000 Ib. 
: . 2 


(See £g. 23) 


. (9 140% S'n (20.19) /0,500 * 


Beam, self-wk say S55/b.[fr. SSaz0’'= 1,100" 
Casing , Say /o'«8'x/40 420»  1.660- 


; TF 
Reactions from Elavator Roof Baams = 23,140 " 


pan 
Total load on beam = 50,300 ib. 
End reaction 
Max. BM. = &t,500%20 (approx) 4 2.660 x 20’ 234-0x 6 
2240 «6 22-044 2240x»2 
Z requi. = 79:346x/2 = 84-4 in? 
“jo 
Adopt 6 lbr Gx 62/5. RSJ. 
I = 726-05 int Z = 9063 i! 
Using E rivets in 34", 34"n 3g'« 1-0" long wab-clea? connactions. 
N? of rivera ragu'd in bearing on web a _ “#220 a à (Min.) 
. OBI xO:S34/2-0 
(shop rivets.) 


N? of rivals requ'd in single-shear = #22 = 6 (say). 


I=(-BI)xS-O 


(Field rivets.) . 7 


Longitudinal RootBeams. (tk. RTU, R12, ate. Span 200% 
Tofa! losd om beam (as for beam Mk. Rat, bo^ without reactions 


from elevator roof baams ) = 27,160 4b. = 12-148 fons, 
End reaction = 607 * 
Adopt à ‘653% 42 lb. RST as for main roof baams Mk. Ri afe. 


Uniformly Distributed Load on Floors. 
Sepor. load = (00 1b /f/* 
s" Slab with 8&8'« Gidéep tiles= 65 - 
Floor finish, Say 


20-0" uo-d, 20-0" 


Ceiling finish, say 
Partitions, Say 
Tofa/ U.D. Load =200 Ib/f?> 


Triangular pana! loads accredited 
fo the differant baams ore indicated 
in Fig, 35. 

Tha beight of the internal and 
euternal wells supported by beams 
at tho 7% and 8* floors is so" 
lass than of those carried by 
boams ef tha I? fo 6% Floors. 


DESIGN OF MULTI-STOREY 


STEEL FRAME BUILDINGS 


Mam Floor- Beams Mk Fi. F2 Fa ete 


J**- 6% Floors. 7" € 3% Floors. 
Fanal load 2/200 10's ao'« 40,000 Ib #0,000 hè 


Internal wa il UWS' 2402 20» 9,200 8,400 - 

Beam, scif-wh af E 6o Ib]. 60x20'z 4290 * 4200 - 

Casing, Say tease! » id u20 = 1,950 * 4950 * 

ata! load o^ baam e 52,350 4 51,550 tb 
= 23-38 fons 23-00 fons 


End reaction = 469 " 11 -So 
Max. &.+4. = 40,000» 20’ + 22359» 20° = 7329 fon-fr. 


paba dnk d Ani aan 
224048 


22420» € 


Z reoquo = 73°29 4/2 = 87-9 in? 
fo 
Adopt a /6"» 6"x 62 1b. RSJ. 
Ioan 725.08 nt Z = 9065 in? 


for design of and connections sae Design Shaa!s Bj -B 
Deflection due fo daad foad:— 


B D 
() Triangular Penal lead = 1. Ww n 14 20,000 (90x12) x 0:219 i». 


6o £7 EO  29a4:094 725.05 
3 

(5) Beam Saw? and casing= S. WwW? = 5 x/2350%* (20«/2) «0-705 ~ 
3849 ZI 384  A29«/O0*«4 725-05 


Deflaction due fo superimposad losd:- 


3 
(V) Triangular panel bead = ^xWi of « 20,000 «/20%/2)— 0-219 - 
€o ET 6o 294/0*x 725-05 


Total deflection of mid-sben 


Mar. parmissió/o daflection, as before -0-739 ~ 


e o: S43 is 


Main Floor- Beams. Mk. FW. Fiz. Fis. ete. Span '-o" 


Panel load 2/200 S's Is! =. 0,000 hb. 

Beam, self-wh at say 30 ib.fft. 30 x(o' = 300 * 

Casing, Say 9*4 € a (40% o = 525 > 
Tofa! "oec! on baam Ve : = 70,825 ~ z4-84 fo 
End reaction =2-4¢2 « 
Max. B.M a 19,999 s zo + 25% /0' = 789 fon-ff. 


Z raque. = 7.89 x12 = 947 int 
7e : 
Adopt e (2% S". 32 ib. RST 
I - 221.07 tnt z = 36 84 in? 


End Wall-Aaams. Mk. F 44. Span /o'-o* 


Tefal foad on beam ("^c ^e etos wt. of external well at 75-07) 


i? = 6% Floor, 7% € 8% Floors. 
= 6°62 fons 6.28 fons 
End reaction = 3:534 . 3/4 * 


Adopf a 42% 5'4 32 b RSI as dos beams ^k Fli Fiz ate 
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DESIGN OF 


Side Wall-Beoms Mk. Fat. F22. F23 ate. 
(Similarly for Eng Wall-Beams F3. ¢ F32.) 


Fane! lood 


/**- 6* Floors 


200" (0's 29' m= 20,000 &. 
2 


MULTII-STOREY 


7% ¢ Bt Fis. 
202000 Ib. 


H Se 155. 20' 


External wall 
Beam, sa/£-wf. at say 45 ib/f* 45x 20' 
49497 «eO 420 
144 


Cosing, Say 
Total load on beam 


End reaction 


Mox. B/M. 20,000% 20’ 


422402 6 


> 79.9002 20’ 
22404 g 


zZz requ'd. = ld EL 62-4 in? 


Adopt a 13°26" x35 lb. RST. 


Z a 49r9:5*? Z 65-59 in? 


17.2 50 


Soo 


17.750 


39.900 


a 43.750 
° 


lb. 


17. 80 fons. 


8:90 


$95 fon -ffr. 


Longitudinal Floor-Bcams. Mk, Fat, F 52, F33, efe. 


/* - 6* Floors. 


Span 200" 
75€ 8* Fis. 


anel loads. 200": /o' a - 20,000 ib. 20,000 lb 


(i) 
(y 
Intarnal Wall 
Beam, self-wt. st say 60 ib. fFF. 
Casing, 
Total load on beam, 


sa 
7 (44 


End 
Max. 


reaction 


B.M. = $6.000420' (approx.) + 


2240 2 & 


e. tæ jo’ 
200%% sea 4e')= 
5's 40 a 20's 


60 220 2 


45,000 
9,200 
f, 200 


10%9" x /40 4 20' « 4739 - 


«| /5,009 
° 8,400 


2 4,200 


475a 


= 47/150 ib| $6,350 b 


/2,/50 x 29' 


2240»8 


2-04 fons, 


10:82 


20:70 fans. 


Adopt. & 16°. 6'« 62 iB. RST as for main floor beams MA. FI. Fa. 


.* * 2 
Use 3 rivets in 


webh-clat and connections. 


STEEL FRAME BUILDINGS 


Loading on Internal Column Mk. A. 


From roof bear Mk. RI 6:84 fons.| Permissible reductions 


Mk RU ERII. (2:49 in Superimposed loading 
Mk. Ru 73° on Column. (BS.4+49 


Seff-wh and cosing, Soy o-s0_* 
Lasd above &* Floor = 21 2/ fons. 


Clause 8) ; 
Above 8% FL.  - Wil. 


From &8* Fi baam Mk FI WSO ^ 


Mk F5: ££53  20-7O ^" 
^fk . FH. 242 * 
SeH#-wt. and casing, Say o:sSo * 


Lood above 7* Floor = 56°33 fons.) Above 7^ F^ - Nil 


From T% F/ beams Mk 


Fl. F61. F5 € Fu 3462 ` Above €* F/ - 10% of 
Self-wh and ceasing, say 9:75 ` Super. load on 2 floors = 
Lead above 6* Floor. = 9/-To fons 2/ 1e. alada 20/5 a 2:681ons 


"100 2240 


From 6* Fl. beam M.F. 11-69 > 
Mk.FSLE F53. 21-04 «© 
- Mk FE 242 - Above S% FI. — 20% of 
Se/f- w?. and casing, Say O75 > Super lead on 3 floors 
Lood obova 5' Floor. ` -/27:60 fona. m 8otūons 


From 5* FI. baams Mk 


Fi, FS. F63 £ Fn ass * Above, 4% F7. — 302, of 
Self - wt. and casing, seq /:oo " Super. lead on + floors 
Lood above 4* Floor =/63°75 tons 


From 4° F/. beams Mk 


fl. Fst. FS8 € FI 3545 a Above 3°97 FI- 40% of 
Salf-wh and Casing, soy Loo «* super. laad on 5 floors 
Lood óobova 3"7 Floor = (99:90 Tons. = 26 80f5s. 


From 3779 Fi: baama Mk. 


ML Fsi F53 € FH 3545 * | Above 2^? FI- 40% of 
Se^- w^ and cosi, Say 125 > super load on 6 floors 
£oed ebove 2"! Floor. = 236:30 fons. 


= 32/6 fons 


From 2°! FI. baams Mk. 

Fl. Fsi. Fss € Fn 5546 - 
SoM-wf. and Casing, Say "TAS 
Loodi above /'^ Floor. 


Above 1st FJ. - 40% of 


Super load on 7 floors 
= 37-52 fons 


= 272-10 fons. 


From (*t* Fl. baams Mk 
FI. Fe. Fa € Pn. 3545 * 

Self -w*. dnd casing, say 2.09 * 

Load abova Lase. 


e 309.85 fons 
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36 DESIGN OF MULTI-STOREY 


ala. 
.Zoferna/ Column Mk. A 

Assuma á 1471871 TO lb RST with 2/14'% 18" plates in tha I% 
storey fapering fo è blam (4°. 6". #4615 RSJ in the 9^ storey 
and check Section e^ position of splices above 75, Ss", 
3 & 1" Floors (See Fig 29 , Dasign Sheet B[tt ,) 


P 


Above 7" Floor f 
Assume. o /4'x 6's 46 ib. RSI above 7* FI and a I4”« 6446 Ib 
RSI with 2//2*. Yè plates below 7" FI 
For 8' Storey columns £ = 144" 2 = 144207 = sor” 
A = 43 69 m> 
Ion T 44257 int 
Zip @ 6522 in": 


fas” $7 m f, T7^'26 


With concrafa casing- Min. fy = 0:2(b+4) —208 


= /0: = 6/5 for which fa = 6 St fonsfii 
20 


Direct load = 56:35 fons 


and £ = 5685 = 4:15 fons[in* 
73:59 


Eccantricifies of baam reactions at "Ë Fi. :- 
€x = Tee (soy) = 8:387 


For 8" Sforey columns WI T2 5T m 3-07 
a 


me 


For T* Storey Columns Iz: = 907-37 
$ Zz 56 


Banding moment in BE sterey columns at 7E Ft. 
HM, = 3:02 (11-50-2-42)838= ^ 26! fon -int. Myy = 0 
8:95 


261 O 41 fons /? f A. = 10-0 fons/in 


63-22 (BS C/ 
449. CLI9d) 
gs + ott ~ 0:676 - accepted! 


Above 5" Floor. 

Assuma & 14°n 6" 46b RST with 2 [12°n'” plates above 5*F] 
end ait’: 6446 th RST with 2/727", $4 plates balow $'5 pj. 

For €6' storey columns L = 156", L = $6207)  -/o9" 
An, = 359-900 = 22 $9 n° 

Ja = #4287 0465-00 = 907 ST int 


Zu = 907.5742 723 o5 in? 
14-75 i 
concrete casing - Min R, = 02(b+4) = 3.2" 
e : 
i = T 34- for which A = 735 fons fin? 
Direct load =  /2'T60-804 “9-56 fons 


and 4 = 119-56 5$ 30 fons Ji? 
22:59 


Eccentricity of beam resetions of 5' FI- 
e, = 7^ A + (say) 8.75" 


STEEL FRAME BUILDINGS 


Internal Column Mk. A (Conta) 
Above $5" Floor (Conta). 


Fo- ©" Storey Columns Is = 90757 
4 156 


for 5*5 storey columns fas 1422-49 
a sé. 


Banding, moment in 6*5 sforey columns a^ S5" Fi.» 


Ma 7 5-81 (11.6% - 2.42 ).875 = 3^5 fon-ins. My = © 
(434 


- O26 tons fin? 


end fa = 30,026 = 0-748. ~accepted!. 


& Tras 10:0 


Above 3°% Floor. 

ASSumE à 4" 64465. RST with 2//2". X plates above 3/4 F/, 
and a 14". Bx 7O ib. RST with 2/14" % pletes below 3°¢ Ff. 
for 4% storey columns 4 = /56". UL 2662107 = 109" 
A = 3:59 + /8.00 ws 3/59 Int 

IQ, = 442-57 6979-92 =m /422°49 int 


Zu. = (422-4942 =  /85:50 Y 
15-50 | 
With Concrefe cesing `=, Min. fy, = &2(b+4) = 0-32" 


= fo? 34 for which K = 735 fans/in* 


Direct ad= 99:90 ~ 26:80 473-10 fons. 


end & = Gate = 5°49 tona f in*. 


Qu = 8-75" as before. 
For 4* storay columns Iug œ 1422:49 m 943 
La 156 “HES € / So. 
for 3% Shorey columns £F e (839.62 ames) °”? 
Bending momaenf in 45 Slorey columns ef 3°? Fil.. 
Mas £í" e» - 2-42).8-75 40:60 /lon-ins. 


fic zo-6o O:22 tons jin? 
183-50 


and fa Fac 5:49 49°22 cs o:769 - accepted !. 
A Fac 73s 700 

Above /*' Floor. 

Assume a /4'48". To lb. RST with 2//«". blafas above /*%t FJ. 

end à  !/4".8'. To lb. RSI with 2/14%:1%° plates below I Ff. 


for 2^" storey columns i= ‘56° l = /56207 = 


LJ 
- 20:59 + 2700 E 41-59 in? 


Tos.58«- "452- œ 1848-62 int 
(848-22 238-50 in? 
15-50 
With concrete Casing Min. (yy = O-2(be4)= 3-6” 


so> 3o. for which A = 7:54 lens Jin" 


Drect food 272-70 - 37-52 255./8 fons 


and £ . 235.8 $ 66 Tons fin? 
47559 
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DESIGN OF MULTI-STOREY 


Infaroa! Column Mk. A. (conta) 
Above /*% Floor, (Conrd.) 
Eccantricity of beam roactions af /T Fi = 

Cu = Tlf" (say) = 972" 2,, = l” (sey) 
For 2^7 Storey columns In = (868-82 — 1185 
£ ise | 12:32 < 7.50 


For /5! storey columns den = 25/0:46 i232} HBS 
ra 


J3o4 
Bending momant in arg Storey columns af af FIL 
Men =$.(U-69-2-42).9/2 = 42:30 fon-ins. 
42:30 * O:/8 fons /in*. 
238-50 
4 $66 _0:/8 = 0770 — eccabfad /. 
Fe 7:34. * 70-0 P 


e a 


ond 


$ + 


Base fo I% Floor. 
Assuma 4 /4"& 8"x 70 ib. RSJ with 2 fiaik" platas. 
A = 2089 + 350 = 52-09 * 


Lug =’ 705-5 -/809.88 = 2510:46 jn? 
2 - 2510-¢6%2 = 30950 in) 
16:25 
For I? storey columns 4 `= 204" 'l = 204x075 = 163° 
With concreta Casing :- Min. hy = 02(bet) = 3-6" 
i = 3 «25 for which R = 6:94 fons fin? 
Direc? flood = | 3o9.95-42.00 = 266:97 fons. 
and h = ‘26697 = 5:13 fons jin? 
$2:09 
Banding moman? in I! storay columns ef Mt FI, = 
Ma = 42-30 fon-ins. 


Š 42:30 = 0:44 fons[in*. 

309:°S0 
E = 5/2 0449 =  O/754. ~ dceapted / 
* |* 6:99 (10°06 


STEEL FRAME BUILDINGS ; 39 


Mam Frame. 


Effective Langth 
Column Mk. B L*/2«7.085 -/22" 


BP Fr 


E * i242 1070 * 101" 
/4'k 6"446 b. RSI. 
TFL, 


| 27/31/24 070 = 109" 
LA 


14°26» 466. RSW i I4" 6a 468. RSI. 
2//a*« x Pls. afia" A Pls 


4 6"& 461. RSI. : /4"x6 446 RSS. 
2/ta" & Pls. | 2/1a'nR" Pis. 


"€ 6'x 46 tb, RSI. 14°18" 0 TO lb. RST 
frere! Pls. 2/14"« 35^ Pls. 


9 


/4 4 8°n Tob. RSI. le (T-42 ROTS 9163" ^45 8^. 7o &. RSJ 
2f 44^ ^ Ph. = Ground Leysi. Xl tn (8° Ph. 


Section P-P. Sechon Q-A. 
Fig 29(b) Fig. 29 (c) 
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DESIGN’ OF MULTI-STOREY 


PE 
£oeding on External Column Mk B. 


From roof beam Mk Rt. 6:84 fons| Permissible reduetions 


Mk Rai ¢ R23 /o 44 in Superimposed 


Self-wt ane! casing, say oso loading on Column = 
Zoad above 8* Floor = /7 78 fons | Above 8% FI- Mil. 


From. QF FI beam Mk. Ff. 11-50 
Mk. F2i. ¢ F23. 17/6 
SeM-wf. and casing, say o-5o 
Load above TY Floor, = 4634 fons | Above TEFL =- Nil. 


From 7* F1. beam Mk.Ft 14-50 Above 65.74 -/oz of 
Mk. Fai $ Fas. 1776 Super. load on 2 Floors 

Salf-wh and casing, sey esr : a alio 2108" » Jo's Jo! 

toodi above 6'F Floor. 7627 fons = 179 fons 


From 65 Fl. baam Mk. Ft. 11-69 
Mk. Fas $F 23. 47-80 Abova $7 7/ —2oX of 

Seif-wh. and casing, say 0-67 | Supor. Joad on 3 flors 

Load above 3% Floor. ` = 70643 fons" | = S37 fons 


From = S* Fl. beam Mk. Ff. 44:69 

Mk. F21¢ Fas; 1 PBo Above 4" FJ, — 30% of 
Self-wh and casing, Sey O75 super. load on 4 /oors 
Load above. pF Floor. = 136-6F fons = 10-74. fons 


From +© FI. beam Mk. Ff. t169 

Mk. Fai ¢F23. 1780 Abova 3° FL- 40o% of 
Salf- w?. and Casing, say l 90775 Super. load on S floors 
oad above 3^4 Floor. = 16691 fons. = /'T90fans 


From 3°9 FL beam Mk. F1. ` 17-69 
- Mk. F21.¢ F33., 1780 Above 2™ F. ~ 40% of 


Salf-w* and casing, sey too Super. load on 6 floors 
Load above 2^* Floor, = 197.40 fons = 2448 fons 


From; 2^4 FI. beam Mk. Fi. 4469 

Mk. F21. ġ F23. 1780 
Se/f-w?. and casing, Say £00 
£oed abova I. Floor. = 227.89 fons. 


From I FI. baam Mk. Fi. 169 

Mk. F21¢ F23 '7-80 Above Basa -— 40% of 
SeM- wf and casing, seg ^$o Subor. load on 8 Floors 
Load above Base = 256-88 fons. = 28 6% fons 


STEEL FRAME BUILDINGS 41 


Bits. 
External Column. Mk.B. 
Assume a /"458'470 Ib. RSJ with afi 34 plates in the I" 
Storey, tapering toa plain 1's6'« 46%. RSJ in tha dh sforey. 


Above 3'* Floor 

Loads ef aach floor leval are hess ther for corresponding 
feve/ of rmkernal column Mk. A. and iF is considared that 
the same column sections as in tha 4" to 9'5. storeys 


ef the internal column are suitable hera. 


Abova /* Floor. 
Assume à [4 674 46lb. RST wi 2/14" f platas above 1°"! FI. and 
e (48'« 706. RST with 2/74". plates below I" FI. 
For 2^*' storey columns L = 156". Ll = (66267 = /09° 

= 13-59% 21-00 = 3459 in > 

= 42-5T7-//49*24 = ($85S.8l int 

= 1585-:8/»2 204-5 in? 

7 45:756 x 

With conerete casing =~ Min. fry = oa(bet)- 


= les 30 for which & = 
3:6 


Direct ood = | 22789 - 25-06 4 = 202.85 fons. 


end h = 293-83 - 5-86 lons/in?. 
34.59 


Roof beams ÍkR2f. R23 ate. and Floor beams Tk, Fat. F23. efc. 
are connectad to web of externa! columns at /4" bff- centre” 
(sea Fig. 29.) fo reduce the banding -moment lax on the column. 
Eccantricitres of baam reactions at IE Fly 
Qu = T° +ffsey) = 875" for main floor beam fk. Fi. 
and @ xx = (50° for beams Mk. Fai- g F23. 
Vax —d(/(69x8T5-0780x^5)—- 37-8 Fon -ins. 


a. 37:8 = 049 fons{in® 
204.35 


= $86 O79 æm 0:797 ~ a , 
Led ceepred”’. 


Above Base 
e /4"« 8". Toilb. RST with ] 2/4*. 2” plates. 
- 20.59 ¢ 21-00 =- 4^H$9 jn? 
- o5-58 e //«43249 = 1898-82 int 


EX 1848-82 x2 238-70 in? , 
15-50 


oS 42:5 as before, for which A= 6:94 feo s/ i 
Direct /ood = 458.88 -28.64— 23024 fons 


and £ = 2230:24 = S-60 fons Jin? 
“STS 
- 37-80 Fon- ins. 


= 37:89 06 fons fin? 
258-70 


LAN = .$69,9/6 . 0-824 - accepted 
Fe 6.94 ^o: o 
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Leading on Cornear Column. Mk. D. 


From Roof beam Mk. ga. 
Mk. RM. 
Salf-wt end casing, Say 


Load above 8*5 Floor 


From 8" F/ beam Mk? Fat. 
Mk, F3. 

Self-wh and casing, Soy 

Lood above T" Floor 


From VF Fi. baam Mk. F2. 
Mk. F3). 

Self-wt. and casing, Say 

Losd abova 6% Floor. 


From 6% Fl beaam Mk. Fal. 
Mk. F31. 
Self-whand casing, say 


! Load above 5% Floor 


From S8 Fl. beam Mk. Far. 
Mk. F3i. 

Self-wk and casing, Say 

Load above 4% Floor. 


From «f Fl. beam Mk. F2 
Mk. F% 


Self-wt and casing, Sag 
Lead above 3°? Floor 


from 3” Fi. beam Mk. Fai. 
` Mk. Fsi 

Salf-wk and casing, Say 

Load above 2^? Floor 


-Fren 2^9 Fl.baem Mk. Fai. 


MR. F3). 


Self-wh and casing, say 
Losd sbove /'"" Floor 


From I"? Fl. basma Mk. Fai. 
Mk. Fat. 
Salf-wh and casing, Say 


Load obove Base 
uJ 


3-22 fons. 
$.22 ° 
9-58 L4 


- (0°82 fons. 


8.58 ~- 
8958 ° 
oig - 

= 2036 fons 


ese - 
8-58. - 
oso * 

= 46-02 fons. 


&9o * 
8-90 > 
OSO e 

= 64-32 fane. 


8-90 a 

8-90 * 

ors - 
= 82-87 Pons. 


geo e 

8'90 * 

OTS - 
-901/-42 fons. 


290 © 
B90 «a 
1 LOO a 


= /20-22 tens. 


B20 * 

8-90 * 

LOO > 
=/39.02 hans. 


8-90 ^ 

B-90 - 

133 > 
=158./5 fons. 


' Above 


DESIGN OF MULTI-STOREY 


Bha 


Fermissible reductions in 


Superimposed leading 


on Column. 


“Above @* FI - Nil. 


Abova 75 FI - Nil. 


Abova 6*® Fl. - 10% of 
2 floors 
= 2/ 10' x 100 a 19'210" 


100 2240 
=- 0°89 /ons. 


super. load on 


Above S* FL — 20% of 
3 floors 
= 2-68 long. 


Sopar. load on 


Above 47 FL - 30% of 
super. load on + floors 


= $.57 fons. 


Above 
Super. food oo 


kd Fl. - 4o 95 of 
5 f/aorz 
= 8-95 fons. 


2^7 FL— 40% of 
6 floors 
3/0474 fons 


Super. load on 


Above /* FJ, - #0% of 
Super. joad on 7 floors 


=/2:53 long 


Above Basa - 40% of 
8 Floors 
= /4:$2 fons. 


Super, load on 
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Corner. Column. Fk. D 
Assume o /2" Qa) RSI with afa A 
Platas in tha /* Sloray, taparing foe 


plain (2%. Ox 44+ 1b RSJ in the 9* storey 


Above 5' Floor. 
Assuma a plain (2°. 6"144leo RSI above 
5" FI and a 12°a O'u 44 lb. RSI with 
A//2*4 3 platas below 5% Fi. 


for 6* storey columna L= 156%”; l m £56207 a 109" 


73°06 
3:6-76 


in* 


int I = 22-12 int 


62-79 int Zy, = T3T int 


With concrete cosing :- Min, ty =a o2(be4)e 2o" 
l a 102 = Sos for which f "79854 bonsfir 
T ao 

Direct food = 64:52— 260 œ 664 fons 

end E «= 664 = 4:75 fons /in® 
i 13-00 


Raactions from, both baams Mk. Far. ( Hk. R21. at roof ) end 
Hk. F3t. ( Mk. Rar.) Yreming into column ef aach floor are 
eccantric about tha X-x aas (see Fig. 29.) and tha 


reaction from beam Mk. Far ts alse eccentric about the 
Y-Y exis. 


E£ccanfriciFiaa of reaction from beam Mk. Far at 5" FIL = 


e, ^st ey, = ^o"'(seg) 


Eccantricities of reaction from beam Mk. F3. at 5* Fl 
[€ eX. rn (say) - 7-38", e = [2] 


vy 
For 6* slorag columns Lan = 3/6°76 = 2-03 
t 156 
£235 /.5o 
2-03 
For 5*5 sfoeray columns dan m 66/-40 - 423 
c 156 
For 6È storay columns fry = 2242. = O74 
c 
($6 983. 1-50 
ovs 
for 5° sforay columns fry = 30-72 -= 0-83 
c (56 


Bending moments m 6* storey columns af S' Fli- 


M, = 2:03/6-90% 598") = 170 lóon-ins. yy 9 (890x40 
"^ 7 Zal ) "7255 ) 


zx /:28 fon-s0s 


-0 32 fons/in® E. vy * £28 =ov7 fons fin 


37 


be xa * foe vy "7" 952 + O17 = O49 fons p> 
and & + f, = $75 4. 9:49 
h 


= 0.787 -eccepbac? 
6 54 10:9 
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Corner Column fk. D. (Conte) 


Above /* Floor. E 
Adopt a 12": 6" RSJ with 2/ia"4*«4 plates in the 2^7 fo 


$^" storeys 


A = 100+ 9o00 = 22°00 in? 
I, = 31676+344-64 = 66rtomt Ff, 22272 ¢/08-00 & 130 (2 int 


Above Base 
Assume a /2"« G'« t#lb RSI with 2/12 57 
For /*' Storey columns L = 204" l os 


plates in 1 Storay. 
204.078 e 158" 


^ = /300 + /8:00 = 34:00 m* 


Ja, = 3167607323600 e (045 i2 int I, « 221292400 = 23812 int 


Zua = (049/2,2 = 165500 Z,, 0 238/342 = 39-69 in? 
43-50 12-00 


With concreta Casing - Min ty soa(bet#) a 3:2" 
lo. 453 - 48 for which A & 6-67 ensi 
2 
Direct loade 16 8-15 = 4-32 = 143-83 fons. 


and PA - £32 82 e 464 fons fin 
^o 


Eccentricities of reactions from beam Mk. Far oat If FI. 

Qu > ^st ey, ^ o* (sag) 
E£ccenfriciios of reactions from beam (1k. Fat. af 1! Fi. s 
Cn = Oed +l (sau)e 775° eye © 


fer 2^4 Storey columns Jae 66140 - 424 
a 156 ex * ^50 


"o qur " * a /949/2 = $44 
204- 


a 90-63 


1390:12 
^56 


238:/2 ev 177 
20t 


Banding momants m 1 storey columns af I FI = 
^L, = (2901 6257) = 27&fon-i»s. Mym $ (890110) æ 4-45 fon-ins 
£ 


bés.22 " 


278 = 0/8 fons|/h? £ a S45 son k n? 
Ses V^ Sew” SEs ons fin? 


toe = he "ELA hoevy = O8 *0o = 0:29 fons fin* 
ond fa} fse = #64 + O:29 © 0726  -occapfag ' 


5 Fhe ` 6:67 /o0 
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levels of the splices only. In this case, as in Example (A) the 
columns are solidly encased in concrete, and their design accords 
with Clauses 18 (b) and 22(a«) of B.S. 449. It is considered 
that the external appearance of the building of Design Example 
(B) benefits by arranging for the side wall-beams Mk. F21, F22, 
etc., to connect ‘‘off centre" at the webs of the external columns 
(Fig. 29 (b) ), since the casing to the columns projects beyond 
the line of the wall of the building less when this is the case 
than if the centre-line of the wall-beams coincided with the 
major axis of the column-section. The amount of this eccentricity 
of the wall-beams connection about the major axis of the external 
column-section is limited to 14” to avoid cutting away the 
flanges of the beam and to simplify the connection to the web 
of the corner column Mk. D for which the basic column 
section is a 12” x 8” RS.J. A further advantage of this 
eccentricity is that it occurs on the opposite side of the major axis 
of the section of the external column to the main floor beam 
connection, thus reducing the bending moment on the column at 
each floor level. 


Wind Stress Analysis.—From Part I it is seen that the effects 
of wind forces on a building-frame must be considered (a) on the 
frame as a whole and (5) on the individual members and connections 
of the frame. 


The height of the building of Design Example (B) above ground 
(119 ft.) is less than three times the effective width (50 ft.), and 
since the concrete floors and walls of the building, together with the 
concrete casing to the main frame members, result in a considerable 
stiffening of the building, it may be held that the conditions of 
Clause 12 (2) of B.S. 449 (1948) are complied with, and that the 
general stability calculations of Design Sheet C/1 are unnecessary. 
However, since it is possible to estimate both the overturning 
moment due to wind forces, and the stability moment due to the 
dead load of the building, whereas the stiffening effect of walls, 
floors and casing cannot be assessed with the same degree of 
certainty, it is considered that the computations of Design Sheet 
C/1 should be carried out for the building under consideration to 
ensure that such further requirements as that of Clause 30 (b) of 
the British Standard are met. 


Several methods of stress analysis for multi-storey building 
frames under the influence of wind forces have been devised and 
generally, as with the methods of analysis for vertical loading, the 
more exact the method the more cumbersome it is to employ. 
An approximate method commonly employed—the so-called 
"portal method"— is adopted here on the basis of a number of 
assumptions which are made with a view to simplifying and reducing 
the design computations, viz. :— 
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Stability of Frame Subjected fo Wind forces. 


Wind Forces (8s +49 Cha) 

# 
R = 0-0074 x 20'* 92 = 13-62 fons 
R = 0:0074" 20's 25° = 3 To > 


R u o S.H - 85 - 


Overturning Moment due fo wind forcas 
obour base of external leeward column £L 
= Peteo'e Bn 37s'* Bx t2s' 
= 13-62%A1GO 93-7702 STS e 1-BSK12S' 
- /o0$35/2 © (3875 e 23-12 


- 1197-0 ton -ft 


Dead Lood on Columns. 


Loternel Column Fk. A. 


Roof 


Floors 8f tog s act 15’ = 107-20 
240 


Deed Load. 


External Column Mk. B oto! Dead and Super Load (8/a) = 


Super Load: 


Roof 60" x 20's 10! æ 5-36 
22-0 


Floors U/ioo* x20's10' e 71-46 
aao 


Dead Lood 


Stability Moment duae fo dead load on astarnal wmdward column 
about base of erfarna! leemard Column L (Fig 30) 

= /82 o6 x So-> = 9103-0 fon-ft 
So hot stability momant rovidac| by dead had on exfarna/ 
Column& ana is fr greater han overturning moman? dua 


To wind. 


"Sce Design Sheet C/2 


STEEL FRAME BUILDINGS 47 


(a) the wind forces are resisted entirely by the frames of the 
building. 

(b) the beam-to-column connections or joints of the frames are 
rigid. 

(c) the point of contraflexure in each storey-length of the columns 
occurs at mid-height of the storey. 


(d) the lengths of all members remain unchanged. 
(e) the joints of the frames at each floor remain level. 


(f) the horizontal shear in each storey is shared by all the columns 
in proportion to their stiffnesses in that storey. 


In making such assumptions the designer should be aware of 
the extent of their validity. For example, the walls and floors 
do have a stiffening effect on the framework that is neglected in 
the design. Again, the joints assumed to be rigid under (b) above 
are the same pinned connections assumed in the primary design 
of the beams and columns by the simple method for vertical loading. 
In fact, the type of connection commonly used, together with the 
concrete casing to the beams and columns, impart a stiffness or 
restraint to the joints which, while not making them completely 
rigid, modify the moment distribution for both vertical and 
horizontal loading to an indeterminate extent. Assumption (c) 
is frequently modified in the case of the first storey so that the 
point of contraflexure is considered to be at one-third of the height 
from the. base. While neither assumption is universally true, it 
can be shown that in this case they introduce no serious error, and 
the same may be said of (d) and (e). In view of (4) and (e) the 
deflections of all columns at a floor, due to horizontal wind forces, 
must be equal, and consequently the columns in any storey con- 
tribute shear resistance to the wind in proportion to their stiffnesses. 
A main frame of the building under consideration when deflected 
by the wind will assume the shape shown, much exaggerated, in 
Fig. 31. 

The wind pressure on the vertical face of the nine-storey 
building of Design Example (B) may be regarded as a system of 
horizontal forces acting on the main frames at the roof- and floor- 
beam levels (C/5) ; their magnitudes for any one frame being equal 
to the intensity of the pressure multiplied by the vertical panel 
areas. On Design Sheet C/2 it is seen that since the external 
and internal columns are of the same section above the 3rd floor, 
the horizontal shear is divided equally between the four columns 
in each storey. In the 3rd, 2nd and Ist storeys the internal 
. columns are stiffer than the external columns and consequently 
are credited with a larger proportion of the total shear in the 
storey. In Fig. 32 shear forces in each column are indicated at 
the assumed points of contraflexure where the moments are zero 
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(C/5). The bending moments at the top and bottom of the columns 
in each storey are equal to the column shear multiplied by the 
distance from the point of contraflexure to the frame joints. For 
equilibrium at each external joint the bending moment in the beam 
must be equal to the sum of the moments in the storey lengths of 
the column above and below the beam. The sum of the moments 
in the columns at the internal joints are shared between the beams 
of the main frame meeting at each joint in proportion to their 
stiffnesses or I/L—values (see Design Sheet C/3). 


en one pin Ep ee 
l g 
i | 
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C/2 

Wind Stress Analysis of a 3-Bay 9-Sterey Steel Building Frame 

Horizonfol wind pressure in accordance with Ci 11(c) of BS. 
449(1948) 15 given by. 


b 5 v fixo eth - , (h-sg) a 62:5> fizo 06:92 = 0 0074 fons/f? 


600 a240 400 2240 
when v = 625mph (wind velocity) 
h e 9-0" (height of parapet above ground.) 
S - 27-0" (sheltered height above ground) 


Horizontal Wind Forces and Shear Forces or Columns. 


Horizoofeíl Sheer (tons) on 


Wind Foree 
(feos) External Column. Internal Column. 
Roof O-O0074 4 20.049.9 » ^33 
ot Storey 433 = 0-33 oaa 
4 
8" Floor | 00074420 04120 = TT 
8* Storey 340 077 o 
+ 
1° Floor l O-o0 74220: 0112.5, = 84 
7* Sloroy tet = 2¢ ^26. 
6" Floor 0°007#x120'02/30' = 92 
6* Sforey 86 a 172 “72 
5° Floor ^92 
5" Shorey 878 - 2:20 a. 20 
4* Floor (92a 
+* Sforey ede - 2:68 2.68 
3"7 Floor 1-92 
3°? Storey ease = 2:92 3.39 
'2"9 Floor 0-0074#120-'0265' 2096 
ar? Storey /3:58,0:86 = 344 "TS 
1-86 
1* Floor Nil 
I"! Sforey /3-58x0 74 ~ 288 329) 
TTE 
Relative St:ffness of Columns 
(See Design Sheets B/9 fo Afra) 
3rdg ane Sforcys pt Sforay 
I.. of External Column za 1565-87 a o B6 1848 92 = 074 
ax O Prernal Column 1846-82 2510 46 
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c/3 


Relative Stiffness of Beams 
Roof Beams : .. Stiffness of Outer Shan a 4919! , © = 168 
St. ffaaess o near Span 4#623 20 
Floor Baams . Stiffness of Outer Shan = 725:05,10 = 169 
Stiffness of Inner Span 221 O7 2 
Shear forces of bpomfs of contrafleaure im columns ore accomp: 
ened by drach forcas in beams and by bending moments 
in columns af frame joints. Balancing momants ara ndocca 
m beams at each join? in proportion ta the sfiffnasses of 


the beams. 


Bending Mements in Columns and Beems ( fon - FE unite ) 
Columns Beams 


External. Infernal Outer Span 
Ipt. 
Cel 


Roof 2.00 alOR . 
2:68 


a Sha; 


8" Floor 6 62 A168 © 
24e 


8'"* Story 
7" Floor . i2 68«(6* a 
2466 


4 e 

7 Storey 624698 6:5 

6° Floor 19:26 » 169 © 
264 


6"Storay 4722 6:5 


5* Floor i 25:48 «169 © i595 
2-64 


S"Storey 2:20x 65 

4% Floor 5. 34-72 n LEF ./9 70 
- 2-64 

4*Sforoy 268% 6-5 

3 Floor 


3 Storey =/8-98 3-39 «6:5 » 22:03 
2°" Floor . 3939 


2t Sforoy 3:04» 65 =20 41 365 s63 = 2572 


/** Floor 53.05 66032 L64 = 42:30 
264 
* LÀ : 
/'LStoray 2884 35 «32 69. $51 41133 = 443i 


* Rints of confraflaxura assumed ef mid-haight of columns in 2” fo 


9% storeys, and at 4°%-height from base 'n columns of !*' storey. 
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Direct Stresses in Beams. ( fons) 
Outer Windward Beg Inner Bog Outer Leeward Be 


Roof #33 - 033 = Loo -033 = oT - o3» = Ou 
8* Fl. 1174033 -O'T- 133  O323- O17 = O89 -o55-0O77- 0'45 
£0640°7T -124 = 137 4077 — 624 = œ90 o'43 
4924 24-1 T2 0 L44 + 124 — [72 = 096 O48 
i924 F12-220- H44 + N12 - 2:20 = 096 
192+ 220-2689 f£ +220 - 268 = O96 
192+ 2468 -292 = (68 +266 - S339 = OST 
096+ 2:92-3!¢ = 0-74 +339 - 3:65 = O48 
344-2-:98 = 026 +365 — 39 = O 


Shaar Forcas on Beams ane Direct Forces omn Columns 


Beams Columns. 


Qufor Span Inner Span External Internal. 


Roof 200 + /*25 Oc75x2 = OS 
20 . EI-- 
9* Sloreu 
8'* Floor S620 4&4 
o 
8^ Storey 


7" Floor — (2:68«T-88 
20 


7% Storey 
6" Floor = 192249 11°96 
20 


6" Sforay 

$* Floor | 2548*»/6.8S 
1o 

$* Storey 

4% Floor àiTa+s 19°70 
20 

4^ Storay 

3% Flor 360400 26°50 
2o 

3 Storey. 

2™ Floor 39-39-2040 
3o 

2°" Storey 


1" Floor  $3-0844230 411  2575x2 
20 io 


1"! Storey 


92 
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c/s 


Shear forces on Columns 
Direct forces on Beams ond 
Bending Momants on Columns. 


Forces 


Qi 72* 


Sbaor 


Fig. 32. 


Momants. 


(2°02 Es E 
n 


Banding Moments on Baams 


Shear forces on Beams ond 


Direct Forces on Columns. 


Direct forces 
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The columns to the leeward of the external wall subjected to 
the wind pressure receive their share of the total shear in each 
storey from the beams which as a result are in compression. Thus, 
on Design Sheet C/4, the direct compressive force on each beam 
is equal to the panel load less the shear in the columns at the 
windward end of the beam. 


The shear forces on the beams are calculated from the bending 
moments at each end, and the direct forces on each storey length 
of the columns follow from the sum of the beam shears at each 
joint (C/4). The wind forces on the frame and the induced 
moments, shear forces and direct forces in the beams and columns 
are recorded in Fig. 32 on Design Sheet C/5. 


Beams and Columns Subjected to Wind Forces.—The capacity 
of the beams and columns to withstand the wind forces on the 
frame, in addition to the dead and superimposed loads, is 
investigated on Design Sheets B/17 and B/18. In the case of the 
beams the maximum combined bending moment is seen to exceed 
the simple mid-span moment by less than 25% so that the beam- 
section selected by the simple method of design for dead and 
superimposed loads alone is adequate, according to Clause 25 of 
B.S. 449. The small direct compressive stress in the beams has 
been neglected. 


For the columns the same procedure is followed as in their 
primary design for dead and superimposed loads. The maximum 
permissible stresses F4 and F,. for the columns may exceed the 
values employed for the primary design in equation (ii), viz. :— 


fa foc 
Fa * Foe T : 


by 25% when the wind moments and stresses are included with 
those due to dead and superimposed loads. Using these enhanced 
values for F4 and Fyc, the column sections adopted in the primary 
design are also adequate. 

A criticism of the method employed on Design Sheet B/17 
might be that the idealised bending moment diagrams for the 
dead and superimposed loading do not indicate the inevitable 
restraining moments that the connections must cause at the ends 
of the beams, with the result that the beams are probably over- 
designed while the connections are under-designed. This aspect 
will be considered further in the design of the beam-to-column 
connections. 


Beam-to-Column Connections.—In the absence of other forms 
of bracing, the beam-to-column connections of tall building frames 
must be capable of resisting the frame moments induced by wind 
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B/r7 
Beams Subjected fe Wind Forces m addition to Vartical Loading 


Check for Maximum Moment in 
/*! Floor Beams Mk. Ft., F2. ete. 


20276 Yr. SSS 


i224 


(4 Due fo u.D.Loed (Design Sheet B/s) 


Mt ata aistance  x' from external 


column B ts 


M R a B.M. Diog. for U.D. pen 
x - a= - w. 


2 
where Ra = wl la 20 1 | 
end w = 12,360 = 0:276 fons[ft. Triangular load. 


20 #2240 


o-4l ost 
Me = C1204 ol 0/25x.«.l* 


13-25 ton - f? 13-80 fone th. 


(b) Due to Trrangular Panel Load (8/#.) 
Mt af x! from. column B is 


Ma = Ra o7 


where Ra 


o-5l. 
i Ü 

0:0794 maat 0:083 x Use! 

S645 fop-ff. 59-50 fon -f?. 


M ly " \ 
asosi i | | 
s EIE 
Combined B.N B.M . 
Diag, for UP. Coad, & or gD. jag. Yor UD. Load, & 
oed end Wind forces, Sead and Wiad Forces, "cas, i 


S 
Q 


(c) Due fo Wind Forces (c/5 ) 


Fig. 3 
My = 5x05 fon-ft My, = 42:30 ton-ft. 
end Ila is zero af x= S305 420 = INO fram B 


$3.06 ¥42:30 


at x e ofl os.l 
M. = 53-05 23:10 53-06 «1/0 


“eto uo 
= — /4.80foo-/f. s28 fonrth. 


By inspaction of the combinad. B.M. Diag. for (a), (6) and (s) tha 
max. ml on the beam occurs almost af the 0-4. point from 
tha external column B, and 

Total Maa 1325. * S6/S 9/480 = 62:20 fa-f£f. 

Shee lhis Max. combined mb does not aacacd tha normal mon. 
mf without ‘wind by more than 26% the beam adopted s adequate 


H. 
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A[/a 
Columns Subjected to Wind Forces in addition fo Vorlical Loading 


Chack on Maximum Diract Compression and Bonding Stresses. 


Main Internal Column. Mk. A. 

Above S*¥ Floor. 

Max Direct Load (Design Sheet 8/8) “9-56 fons 

Direct Wind Force (c/4) - O22 - Joa = 11978 fons 


& = USTE = Sides]? Ele 7:35426% = 9:19 fons/in 
22.59 


&ccanlricity Mt = 31-50 fon-ins 


Wind MA = Hazi? {= «134-20 á © Tofal. (65:20 fon.-ins 
ha = 16670 = 138 fonsi F= 10:0 625% = 12:5 fons/in® 
4/250 


end % + A a Sar + LS a 0-686 - okay! 


Base ro /*" Floor. 
Max Direct Load. (Dasign Sheet B/to) — 726697 fons 
Direct Wind Force (€14) = 072 Tof = 267-09 fens 


$ a 2609 = Sis fog l'm 694 +25% = 868 fons[i^ 
2.05 


Eccen. Mt ( rt 77) |- 42:30 fon-ing 
Wind Mh = 4913 m 5372 ° Total, 574.02 lon-ins. 
fla $742 1-86 fons/in® s= /25 fons/in® 


ET IE 
à 
and L « f = $44 + L8G m O-74. - okay ! 
- rx io ae T d 


Main External Column. fk. B. 

Base fo /*' Floor. 

Max Direct Load (Design Sheet 8/13) = 23024 fons 

Direct Wine Force (C/4 ) e (943. ° Total 24937 fons. 
Gi = 24927 = 600 tensjint Be G94025% = 6:68 fons/in 

Eccan, ME (/¥ Fi.) = 37-80 fon-ine 


Wind Mr = 32-64n/2 = 39168 -° Total 429 48 fon-ins. 
Å! 29:48 = 18o tons/h fum 12:5 fons[ins 


‘oy fX |= 600 + 480° = 0-835 ~ okay! 


aod 
‘ E’ 8-66 ag 


obs 
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forces. The connections are often designed to resist the frame 
moments due to the wind forces alone. For moments at the 
joints in excess of these the connections are expected to yield or 
give by deformation of the cleats, as indicated in Fig. 34. It will 
be borne in mind that the deformation must be greatly exaggerated 
to illustrate it at all in a sketch. 


The main beam-to-column connections in Design Example (B) 
(Design Sheets B/19-B/22) consist of web-cleats with sufficient 
rivets to transfer the end reactions to the columns, and flange 
connections which are proportioned to withstand the moments 
imparted to the columns due to eccentricity of the end connections 
in addition to the frame moments induced by the action of the wind 
forces. According to the approximate wind-stress analysis 
(Design Sheets C/2-C/5) the beams of the main frame are subjected 
to end moments that increase from the roof to 1st floor, so that it 
would appear at first sight that different end connections should be 
provided for the beams at each floor. However, it is convenient 
to reduce the number of different connections employed by grouping 
as indicated on Design Sheet B/22. 


Present day specifications permit an increase in the maximum 
design stresses when wind forces are considered in addition to normal 
loading ; the increase being 33% above the normal maximum in the 
case of the A.I.S.C. Specification? and 25% in B.S. 449 (1948). 
Advantage is taken of this increase in stresses in the design of the 
main beam-to-column connections in Example (B) (Design Sheets 
B/19-B/21). . 

Certain field rivets will be stressed in tension in the types of 
moment-connections employed. The question of rivets subject 
to direct tension is extremely complex, and it has been common in 
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B eem-fo- Column Connections 
8% Flor Beams Mk. Ft.,F2. ete 
(Adopt same connections for Roof Beams Mk Ri. R2 ete.) 


Max shear due to vertical loading (Design Sheet 8/5) = 11-50 fons 
i *" * wind (c/4 = O54 * 

Total vertical force at connection = 2:04 > 

Since Shear force due fo wind is less 

fan 25% of Shear ot end connection 

due t vertical feaciing, wab cleats and 3 

rivets adopted fo transfer normal Ma , (6.6. €2/b. RSI 

mex. shear will ba sufficient for i % Line A.% rivets 

Combined effects of normal max verheal {2 

foading and wind. 

Adopt 313% 3 web-cleats. 

Ne of à shop rivets requ'c. on Lina A 


in bearing ‘= EET) = 3 (min) 
j o/8/a«0-55x 20 


N° of X field rivets requi, on Lines B : 


. 
in bearing = i. So = 4 (min.) 
0:8/2» 0:38 x 190 
. 
in S. Shear = _ 459 = § (min.) 
%nx0-Gi2225-0 


Max. Mt. due fe eccentricity (815) = H:50x 8-0" m 92-00 fon-i 

' : "oot Wind — (¢/3) = 6624/2 = 79-44 - 
Total ME af connaction. ailit c 
Assuma flange Z-cleats with 4% lags upstancing for momant 


cannactions , (seo Fig. 35.) - 
Tension in rivals connecting upstanding legs of cleats fo column 


= 171-44 - = 8-37 tons. 
20:5 
Ata max. tensile stress in field rivets of 50-255 


N* of Ty field rivets regu. of Lime C = 87 j 
Tx 0.957'x 625 
At o max. shear’ strass in field rivets of S-o + 2574 = 6:25 /ons[/n 


a " D à . : UM a4 = d 5 
Nt of Jy field rivets requ'd. on Lines D reso S358) 4 (min.) 


Thickness of Flange Clests. 


- 
Assume € o-25", then f s is he 
strass cue: bending 
A(9-€ b.C*^)..s 
(2:5) 7 ($E 
where R 8:57 tons 
9 aas" 
width B 6-0" (gross) 
#.47.(2-26- 0-76). 6-0 11-30 fons fin? 
2» 6:02 O75 


bermissible value of S 10:0 * 25% = /2-So fora fin 
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alae 
Beam ~ to- Column Connections. (Conta) 

3'Y Floor Beoms. Mk. F1, F2. alc. 
(Adopt same connections for corresponding beams of 4" S^ Fis.) 
Max Shear due fo vertical loading (8/5) = (^69 fons. 

; i * wind (c/«-) 


Dral vertical force at connection 


Web connections as for 85 Fi. ime | 
beams Mk. Fi., P2. alc. are 4 t - e Me 
Sufficient for fofal vertical force. : i ie LineA Krivofs 
166262 h RSJ 

Max. Mt. due fo eccentricity 

(8/9) - 694875" = 10230 fon-ins. 
Max. ME due fo wind 

(c/3 = 3640412 3436-80 ~- 
Total MF. at connection = 55940 . 


Assume Sblit-beam flange connections 
oulof a 24° 74295 ib. RST. 
Mt-arm at connection = 16"*0-57" say 6S" 
Flange force F at connection = as = 32:65 fons 
NP of % fold rivets requad i» lansion on Lines C 
= 32:65 = 8 (min.) 


Iro 9571625 . 
N° of 5 fold rivets requ. i» s.Sheer on Lines D 
= 23949... = 8 (min.) 
1©0(%,x0-957?x 625) 
Thickness of Flange of- Split-beam Connections. 
for the split beam adopted av. fickness of flange t,- ron" 
then if f, is the Stress in flange due fo bending, ( Fig. 38) 
a 
F(E) = (bte) f 
whera F = 32-66 fons 
Ca 4559" 
width b = 12° (gross) 


then = 32-63(4:5).6 = 8:98 fons/in® 
2x4x!2xf-on* 


web of S ii - beam Connections. 

Af a max. fensile stress om web of 

split beam of 9.00 +25% = 4525 fonsjinè. : 
Net width raqua on section X-X (F13.31). 


- A245. = S10" 
0:57 x 11-25 


The (2° width of spit- beam web can be reduced over a 
length of /2" fo accommodate +4 rivets on Lines D. 


i 
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a/st 

Seam-to-Ceolumn Connections (Conta.) 
1” Floor Baams fk. FI., F2. ate 
(Adopt same connections for corresponding baams of 2^* rj.) 
Max sheer due fo vertical loading (8/s) - (169 fons 

s : * 7 wind. (c/*) - $977 * 
Tofal verlica! forca af connection . - 1646 - 
Web connections es for 8% F. baams Mk FI, F2 efc are 
sufficient for fofal vertical force 
Max. Mt due o eccentricity (81°) — 169% 6-75" — 102-30 Ton ine. 
Max Mt »  * wind (c/3) =- S3062/2 ~636-60 - 
Tota! Mk at connection -7358.90  * 
With the some split-beam Flange Connections as for 
corresponding beams of 3°% Fi. 
the flange force would be: 


Fa 738.90 = 44-80 fons. 
"Tes 


which would require 

TTL = 10:4 7s 
l l 4 x 09375625 PM B. E e ES Hey 
ie. à minimum of 12 N? t riots : nd es 
Lines C. Mf- arm at connection à 
must be mereased So that 
reducad flange force may 
be ftransmilfad fo column by 
8 n° 7g rivats om hnas C aft a 
fansile stress not exceeding 625 lons[in* 
Employing an 8's 6" x 35i. RST stoo/ in 
connections (see Fig. 39), the flange force 


Fa 739-90 = 30:/0 fons 
24:5 - 


Section UU 
Fig. 39. 


N? of 7g field rivets in tension on “ines C 


Ls 30-0 E 8 (min. 
= "T2083. GaSe ( ) 


W*. of. T field rivets in S. Shear om Lines D 


“ 8- = & (min.) 
24-0(% x0-937°x6:25) 
N? of "g" field rivals in S. shear on Lines & 
a 738-90 £ tt (min.) 
16 (% x O-957?«625) - 
Web ef RSJ Sfool. 
for an 616’ x3Sib. RSJ by ~ 0-36 
Af a max Shear stress of 6:5 +25% = 8/2 fons [m> 
on wab of Stool, the minm. length required (approximately) 


3040 = 6" , adop} a length, of 12° 
O33 x» 8/2 


te accommodata 8 N? % rivets on Lines D, mereasing lo: 17-5" 


fo accommodate 1/2 N? 3 rivets on Lines E. 
a 
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2/45 rivets 


4^ 455 «6 -long L. 


«f ‘4 "rivets. 
YE rivets (2 rows of 2) 


PEE x12% long £d. 


fan T8 «123 long split- 
. | beam, ur of 24° 
x 7h" 4 95/5. RSI.) 


YF rivats (2 rows A4) 
SB rivets (2 rows of 4) 


2'. 75 4/2 Jon split- 
beam. fout of 24's 
75a 94 /b. RSI) 


H a74" X -long splite 
beam (out of 24*. |- 
79% 954. RSS.) 


8".6"x 385 a 18° long | 


RSJ Stool 
EE Uu. 


_— 


Internal Column Mk. À 


Baam -fo- Column Connections. 
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the past for Specifications either to prohibit the use of rivets in 
tension, or to omit reference to permissible tensile stresses in rivets. 
One reason for this caution is, perhaps, the knowledge that a con- 
siderable initial tension must exist in hot-driven rivets irrespective 
of any external force. 

In the Specifications of the A.I.S.C. the permissible stress for 
rivets in tension has been increased from 13,500 Ib. per sq. in., in 
the Second Edition of 1934, to 20,000 Ib. per sq. in., in the Fifth 
Edition of 1949, which suggests an increased confidence in the 
ability of rivets to resist tension. The maximum stress for field 
rivets in tension permitted in the 1948 Edition of B.S. 449 is 4 tons 
per sq. in. This British Standard is under review, however, at 
the present time and it is considered likely that revisions will be 
made in the permissible stresses. In Design Sheets B/19-B/21 a 
basic stress of 5 tons per sq. in. has been adopted for field rivets 
in tension. 

Field connections may also be made by means of turned and 
fitted bolts. These permit the use of higher design stresses in 
both tension and shear, and although more expensive, are in many 
respects superior to field driven rivets. 

The simple theory of flexure is applied to determine the 
thickness of the angle-cleats and split-beam connections in bending 
as indicated in Figs. 36 and 38. 

The methods of design for the beam-to-column connections of 
Design Examples (A) and (B) have been employed for many years, 
and few failures in building frames have been attributed to 
inadequate connections. Even so it is important that the designer 
should appreciate the empirical nature of the design and that the 
actual distribution of stress in such connections is quite indeter- 
minate. Tests have indicated that split-beam connections of the 
type employed at the 3rd floor of Design Example (B) are much less 
flexible than the angle-cleats at the 5th floor and above, and, it is 
probable that, with sufficient care in design, connections incor- 
porating split-beam flange clips may be regarded as fully rigid. 
Professor T. C. Shedd) treats the subject of beam-to-column 
connections at some length, and reference will be made with benefit 


to his book on steel design. 


A gusseted base is designed to transmit the direct load and 
bending moment from the internal column Mk. A to its foundation 
in Design Sheets B/23-B/24 which, in general, are self-explanatory. 
Rivets are provided to transmit 60% of the direct load and the full 
bending moment from the column shaft to the gussets and from the 
gussets to the cleats in accordance with Clause 50 (c) (i) of B.S. 449. 
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When several plates and sections are riveted together it is 
necessary to check the grip lengths of the connecting rivets as, 
for example, on Line AA, Fig. 43. The grip length normally 
should not exceed four diameters (see B.S. 449, Clause 42 (f) ). 


Since bearing pressure occurs over the full area of the base plate 
holding-down bolts are not required. However, some means of 
locating the column-base and holding it in position are required 
and are provided by bolts set in the concrete foundation and 
grouted in after the column-base is set in position. i 


PART III. 
FULLY RIGID DESIGN. 


Limitations of Simple Design.—In Part I, under “Methods of 
Design," three alternative methods were referred to, and the first 
of these—the simple method has been employed in Design Examples 
(A) and (B). 

In the design of a column by the simple method it is first 
necessary to consider the restraint at the ends in order to arrive at 
a value for the effective length 7 of the column. This value is 
then combined with the least radius of gyration of the section 
proposed for the column in order to determine the maximum 
permissible compressive stress under axial load. The stresses 
in the column due to small bending moments caused by the 
eccentric reactions from the beams are also calculated, and the 
column is regarded as satisfactory if the sum of the two ratios of 
actual to maximum permissible stresses for direct compression and 
bending does not exceed unity (see Eq. (ii) ). 


. Assessing the effective length of a column is an uncertain process 
since it is no more possible, with the types of connection commonly 
employed to determine the extent to which the beams restrain the 
ends of the columns in each storey of a multi-storey building, than 
it is to foretell the true restraining moment that will be present at 
the ends of the beams. Again, the value of / is fixed in simple 
design quite irrespective of any bending moment imposed on the 
` columns at the frame joints. In cases where such moments give 
rise to bending stresses in the columns that are very small in 
comparison with the direct stress this may not be serious. However, 
when the true bending moments on the columns are appreciable, 
as must often be the case with the semi-rigid type of connection, 
the accompanying rotation of the ends of the column will result in 
it having a curved shape quite different from that assumed 
implicitly in ascribing a value to /. 
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Base of Ihtarnal Column Mk A 


Moar dract lood on column (Dasig Sheet Ajo) V = 266 97 fons 
Min E . ^ (c/t) A 194 6i 

Mar shear force on column (C/2) H 39: - 

Mt at IT Fi [aval due fo accentrcity of loading «s regarded os 
wnaffactive at base of column 

Max wine! mt af column base (c/s) M = 2216 fon. ft 
Direct force on infernal columns dua to wind s negligibla 

Ata mos Searing prassura of +0fons/ft*'on concrate foundation. 


Min. orao of bose plata «= 266-97 = 668 f?! 
+o 


With say d'-gusse/s and angle-cleats with 4° horizontal lag. 


Length of base plole d — (635^ afos" rafa" — — 2s 25" (min.) = soy 2-6 


and widib 5. 6:68 S 267' (mn ) = Say 3-3 
2-30 


for max. wind. mt. with full super, load: 
Max. baarn rassura = 2669 6 46 a3? 

fax 9 P» 9 35535. T SERRE, = 32907 654 
Min, bearing. pressure = = 32.90 - 6-34 
for max. wine mt. without supar. load :7 


Max. baarin assura = /94.6/ + Ox 2246 m 24-00 6:54 
9 pr Si$.290  S38213o 


Min. bearing pressure = = 24-00 - G54 = 17-46 
so that bearing pressura pressure occurs over 

entire area of base plata and fiked-and 

condition for columns is realised undar oll 

combinations of loading. 

Gussets ond clasts fo be attached square Te 

end flush with end of column end whole 

assombly fo be machined fer bearing on pfe. 

Rivets fo ba provided fo transfar 60% of 

direct load and full banding mf. fo b5ase-pb/afu 


Forca of each f/onge of column due fo wind 


= 22-1642 - 16:38 fons. 
16:24 e 
N? of Àj shop rivets n S. shear fo tronamik wind-mt af 


column flanges s _ /6'38  — ——— - 4 (muin.) 
d pA x 0:938*(56-o t26 %) 
A 
N? of *X shop rivets m s shear fo Transmit 60% of Cirect 


load fo column basa = ___-266-97« o. 6o = 4o (min ) 
HA 4 O'938°r 6o 


Employ % riats in column bese as follows : 
6 N° ts connect cleats to web of column (a shaar ) 

18 NS fo connect each gusset ^e flange of column (s shear ) 
and 18 N° fe connect angh -claat fe gusset 

Rivets connecting clasts te bose plota fo 6a c'sunk 


undarsida 


i 
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Bose of Interna! Column Mk A (Conta) 


Thickness of Base Plate 

| Plate cegerded os a Simple beam on two 
Supperts Aand B at centras of gussets, 
end Subsecfed to faading corrasponding 

fo beering pressure due fo meo: chracf 


load V and banding moment M on bose 


Intensity of pressura aF A 
= 2636 + (39 44-2636). 6625 
30-0 
- 292€ fans/ft*® 
About A: 


Rg (678 29235x 23 is). 10-19 x 23 335" 
14922 14423 


23.335". ( 29.25 - 10:9.) = 407 fons per inch width 
16715 x 14-9 2 3 
Per inch width of plate : 


ME o^ € a 2290815. p Spase? — 4 0748 915 a +99 Ton-ins 
er n (^^ x 


ME at B æ 365546625) , 29926625 = ses 
SUMAS C ++ x 


Min. ueknass of plate t, af & bending Stress of 12.0 fens/ini ıs 


given by = bti - 2,85 or t,o [$55 - d 


Adopt a plate 13" thick. 


Thickness of Gussets - must be sufficient te ensure that velua 

of a % rivets on if is not lass hon s. shear value. 1e. 
tgz 0-:938'«/2-0 x% LL o:.938?« 60 

or tS X o:37' .- Adopt $-thick gussets. 


Thickness of Angle - cleats. Since the upward forca af windward 
flanga of column is counter- 


ected by direct column food 

lhare will be no bending 

of cleats. Vertical leg of 6" 

ss requd. fo accommodate 

4 rivets on fwo gauge lmas 

Horizontal leg ef 4" is pre- 

ferred fo accomodefa 1" bolts 

Adopt Espa L's 

Grip Length of Rivets - max. grip length of % 
oo Ling AA o So +0 So +1125 +0 92 = 30467 
t€. less than +4 diameters 

Bolls. — requd fo locate column ane hela in 
bosi(jon Not subjactad fo tansion  Ádopf [rae boih 


Sheor strass = 39! e ^77 fronsfin? 
tn 4(%20.8407) 
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It has been seen that for the niain frames of a multi-storey 
building to resist wind forces, where diagonal bracing is ruled out, 
the beam-to-column connections must withstand the induced 
frame moments. Now these are the same connections, the effects 
of which were ignored in the design of the beams and columns under : 
vertical loading. Thus, it might appear that connections which 
have to be able to offer resistance to wind forces, must deform and 
be quite incapable of resisting the bending of the beams under 
vertical loads. The fact is that an end moment is almost always 
operative on the beams but is ignored in simple design. If it 
were only that, as a consequence, the beams are over-designed, the 
criticism would be on the grounds of economy there only. However, 
it follows that the restraining moments which the semi-rigid 
connections produce at the ends of the beams must be withstood 
by the columns, so that for vertical loading, too, a bending moment 
is applied to the columns although it is ignored in simple design. 
Moreover, it is possible that the end-connections may be under- 
designed. 


B.S. 449 in Clause 29 (a) states that the simple method of 
design "applies to structures in which the end-connections between 
members are such that they will not develop restraint moments 
adversely affecting the members and the structure as a whole", so 
that all connections of beams are virtually pin-jointed. The 
inference here is that if a tall building must depend on the rigidity 
of its frame joints in order to resist non-vertical forces'such as wind 
pressure, then for such a building design by the simple method is 
inappropriate. From this it should not be thought that the 
simple method of design for tall buildings is necessarily dangerous, 
and there are, of course, in existence many multi-storey buildings 
that have been designed by this method. The question rather is 
whether a more rational method of design should not be sought 
which will provide the designer with a surer knowledge of the 
stress-distribution throughout the framework of the building while, 
at the same time, affording savings in steel. With these objectives 
in mind recourse might be had to either the semi-rigid or fully-rigid 
methods of design referred to in the British. Standard. It is 
stipulated that semi-rigid design shall be in conformity with the 
"Recommendations for Design" in the Final Report of the Steel 
Structures Research Committee, 1936. Much useful information 
is contained in the report from test on steel frames in addition to 
a description of a semi-rigid design procedure that represents a 
considerable advance over simple design. 


Rigid Design.—From the design examples and discussion so far 
it has been seen that the entire system of columns and beams of a 
tall steel building is, in fact, a frame that will resist loading of any 
nature as a whole, with an interaction between the vertical and 
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horizontal members which takes place through the connections or 
joints. The riveted connections commonly used in steel building 
frames are semi-rigid, that is they will deform or "slip" a certain 
amount when the frame is subject to load so that the rotation. of 
the end of each member at a joint is not necessarily proportional to 
the moment induced there by theloading. Itis possible virtually to 
eliminate this slip at the joints by careful detailing of the riveted 
connections or by welding. The result is a rigid frame that 
exhibits a high degree of indeterminacy and for which the design 
process is quite different from that followed in the simple design’ 
method. 


Methods of indeterminate analysis have gained ground in the 
last thirty years and one of these—the method of slope deflection— 
has been used and expounded successfully for the design of tall 
frame buildings by Messrs. J. I. Parcel and G. A. Maney,‘ to whose 
writings the student may well refer. In Example (D) a slope- 
deflection method devised by J. E. Goldberg is used to redesign 
the nine-storey, three-bay building frame of Design Example (B). 


Referring to Fig. 44, which shows four members of a rigid frame- 
work meeting at a common joint, it is clear that when one member, 
say AB, is subjected to load the ends of the member will tend to 
rotate and will be opposed in this by other members meeting at the 
joints. Since the joint A is rigid the ends of all members meeting 
there will rotate through the same angle to reach the equilibrium 
position for the loading considered, and bending moments will be 
set up in the ends of each member at the joint in proportion to their 
stiffnesses. A certain proportion of the bending moment in each 
member will be transferred to the joints at the far end of the 
members from A so that they, too, will tend to rotate due to the 
loading applied to AB. By the method of slope-deflection the 
rotations and hence the moments in all members of a frame can be 
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calculated for any condition of loading providing the stiffnesses 
of the members are known. 


Tue general slope deflection relationship for any member AB, 
viz. 


2.E.I » 

M, = Meas - 7 (28, + 8,) eee eee eee (iii) 
may be re-written as 

M,, = Maas — K,,(2.0, + 0, ... Us use ... (iv) 

where M,, is the true moment at A in member AB of a rigid frame. 


w.L? P.L. 

12 ' 8 ' 
depending on the loading. For a member that is not subjected 
to transverse loading, the fixed end moment is, of course, zero. 


I and L are the moment of inertia and length of the member, 
and E is the modulus of elasticity. 


5, and 8, are the angular rotations at the ends A and B in 
radians, and 0, and 0, are the end rotations multiplied by the 
quantity 


Mr.as is the fixed end moment at A, e.g., etc., 


2.E.I Nm 
L E 
In Equation (iv) K,» is a measure of the stiffness of AB, being 


the ratio of the quantity for the member AB to a corre- 


sponding quantity for a standard member of the frame. 
Then at the joint A in Fig. 44 we have :— k 

Mas = Meas = K,s . (20, t 0,) 

M, Mac — Kye . (20, + 04 

M,» = Mp x Ki E (20, + 0,) 

Ma. = Maa — Ka. (20, + 0, 


Adding : 3M = ZM, - ZK.(20,- Z(K0,) 
But the algebraic sum of the moments YM at any joint must be 
zero for equilibrium, so that 7 

ZM, = ZK(20) + Z(K0,)  ..  .. -© (v) 


for each joint of the frame under the system of loading eoncidered. 
This equation may be solved for 0, by rewriting it as 


ZM, - Z(K0,) 
0, — — AE) — job -. (vi) 


Il 
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in which the only unknowns are the 0,'s. It is evident from 
Equation (vi) that the value of 0 for any joint is in the neighbourhood 

F a E 
2 (ZK) 2 (ZK) 
small correction due to the rotation of the adjacent joints. 


With the three-bay, nine-storey frame which is to be analysed 
in mind, the procedure is as follows :— 


of for that joint, since it is in fact plus or minus a 


(2) The K-values of all members are determined. The beam 
and column sections have been assumed in Design Example (D) 
(Design Sheet D/1) from a knowledge of the sections required in 
simple design. These K-values are entered in Table J on Design 
Sheet D/2. 


(b The 2.( ZK)-values for all joints of the frame are computed. 
These appear in the circles of the frame joints in Fig. 45. 


(c) The fixed end moments M, for the dead load and super- 
imposed loading are computed. In Design Example (D) the full 
superimposed loading on all roof- and floor-beams is used, and the 
moments written in position above the beams in Fig. 45, regard 
being paid to the sign convention adopted, viz. : (+) for clockwise 
moments and rotations; (-) for counter-clockwise moments and 
rotations. In this example the moments at the external joints 
of the frame due to the eccentricity of the wall beams about the 
axis of the columns perpendicular to the plane of the frame are 
also taken into account. 


(d) The frame joints are separated into two alternate groups. 
. For a symmetrical frame loaded symmetrically about the centre 
line, it is sufficient to consider one half of the frame only. In 
Fig. 45 the joints C, F, G, K, L, O, P, S, T form Group I, and 
Group II is composed of joints D, £ H, J, M, N,Q, R, U. 


ZM, - Z(K6,) 


(e) The values of 0, = 25K are computed for all 
2; (M 
joints of group I, assuming that 0, — 2 5 d : 
2M, - 2(K6xwy ) 
(f) The values of 6, = ore ae next computed for 


all joints of group II (see Design Sheet D/3). 


(g) The computations of (e) and (f) are repeated using the 
values of 9, obtained in successive operations. The values of 0 
for each joint are seen to converge ; the more times the process is 


STEEL FRAME BUILDINGS 69 


repeated the greater being the accuracy obtained. In Example (D) 
the computations were made three times for each group of joints 
(D/3 and D/4). 


(h) The end moments are determined for beams and columns 
by substituting the ð- values in equations corresponding to 
Equation (iv) for each member. These substitutions appear on 
Design Sheet D/5 for the beams and on D/6 for the columns. Since 
the columns are not subjected to transverse loading in the case 
considered M, for each column length is zero. The final distribution 
of moments throughout the frame is indicated in Fig. 46, Design 
Sheet D/6, and at this stage a useful check on the computations is 
available in that the sum of the moments at any joint should 
approach zero. 


It remains for the stresses due to the moments obtained from 
this analysis to be checked to ensure that the trial members are 
sufficient, and in this check a knowledge of the frame moments 
due to wind forces is also required. To determine the wind 
moments a further slope deflection analysis of the frame may be 
made by the ‘‘“Maney-Goldberg” method with a suitable correction 
for side sway. In the check on beam and column stresses on 
Design Sheets D/7 and D/8 values of the wind moments as 
determined in Design Example (C) are taken into account. 


Beams.—In the case of the beams a normal maximum bending 
stress of 10.0 tons/in. is increased by 25% when wind stresses are 
present. It is evident that in a tall building frame the wind 
moments on the beams are of paramount importance, and that the 
reductions in the size of the main beams in the upper storeys as 
compared with simple design are not possible in the lower storeys, 


Columns.—The stress distribution in a column subject to end 
bending moments in addition to axial load has been the subject 
of much experimentation and theoretical research. In a paper by 
Prof. J. F. Baker and P. D. Holder the investigations concern 
a strut which is assumed to have an initial curvature approximating 
to a circular arc and which is subjected to end moments not 
. necessarily of the same magnitude or sign. Equations are developed 

relating the total maximum permissible stress in the strut to the 
ratio of end bending stresses by meanseof which it is possible to 
estimate the maximum bending stress that the strut can withstand 
for a given direct axial stress. 


For design purposes the results obtained from these equations - 
are presented in the form of curves in a further paper9, Both 
double and single curvature of the columns are considered, and to 
provide for either eventuality composite curves have been prepared 
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"m 
Design of a 3- Bay 9-Sforeq Rig Sree! Builoing Frame 
(Dimensions ond loading os for frame of Design Example B) 


Minimum Section 7e! Section 
Member Required im Semple Design m Rigid Design. 
I; (nt) 1 (ot 
Infernal! Column 

/*' Srerey (4748's 706% RSJ 705-58 "127s BS 6S 1b RSI 48777 
2/1. (6 Pla. 180488 2/12. t Pls 1165-68 
Total [,, " 2510-36  /655:45 
4° Storey /',6'46ib RST 442-57 (2*0. lb RSJ 31676 
2/12". € Pls 2579 92 2[:o*. ^ Plis 610-30 
Total lu © 1222.49 = 92706 
8™ Storey 146x 46b.RSI 442-57 12% 6's dib RSS 316-76 

External Column. . ! 
gst Storey 14:58" 70/5 REI 705 S8 42% 8's 65lb.RSJ 48777 
2[ie % Pis. 10195 24 a[i. % Pls. 732-36 
ffe! Iuan 18418.82 o /220:/3 
4^ Storey (4&6. 465 RSJ 44257 (2'«G 4l. RST 31676 
a/12%% Pls. 97992 aj[io*. % Pis. 610:30 
Total lny 1422:49, a 92706 
8% Storey ft. Ge 46th RST $9257 '2'« G'« L4b.RSI 316-76 
Roof Beams Mi. Rit (07. 5'« 30. RST "t 623 lOu $". 30. RSI. 146-23 
‘ MERI (5*.5'.9245 RSI $2849 '3^, S'u 35 [b RSJ 283-5! 
Floor Baems Pk.P' /2'.5'.32:0 RSI 22/07 (26 S'u 32/5 RSI 22/07 

Mk. Ft. 

9^ 7" 6*, € 5* Fle. 'G'.6'«62ib RSI 72505 '5". G7, 45lb RSJ 42/9) 
«^ d 3" Fle /'6.6 x G2 b RSI 725.05 16u 6", Soib RSJ 6/8:09 
204 £ IF Fls 16% 6's 62H RSI 725 o5 '6". G6", 62 ib RSJ 725-0 


In Table ! the K-values denota tha  cof,os of the 
quenfifty 2.6.0 for members of the frome ta tha same 


rm 
quantity for the Roof Beam Mk RII. (here designated vu’) 
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Teble 1. - 
Stiffness Ratios. 
E = 13,000 fons |in? 


34,650 


47,900 


4220113 
1220:13 
1653:45 210,500 


316 -76 | 52200 
316-76 57,200 
100,640 
too,650 
134,500 
454.500 
174,900 
174,900 
155.700 


b/2 


Moments at external joints due fo 


eccentricity of wall-beam reactions 


om columns. ( B/a - Bjs ) 


At T: 10-44 x HS = 157 fon-ins 
At Rand P:  ITi6 «^5 = 258 > 
At N, L, elc. /T80x^$5 = 267 * 


Fixed End tts. (see B[i- B[S) 


UUt gx» 10002120 + 740K 120" 423-4 
4822240 12 4 2240 

TU: &xX28900v24O0 + 2650 x240= 336.2 
E 48232240 12x 3340 

^ &xlOO000n/20*- 825420 = 595S 
E 48 «2240 1232246 

| E x40000x2404 550x240 = S503 
46 «2240 12» 22340 

: § x 4 0000x240 4 5ox24o0«- SST.3 
46 »2240 1222240 


3-0" 


Clockwise Mts. + 
Counfer-" » - 


Fig. #5. 
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Dja. 
Angular Rotation of Joints 


pt Approximation Rodians. 


x 3f, 650 


530-6- 454-4979 — ,F3(530-6) 
25:8 


17-8 
= 7497-8- E 530-6) - E: "S (-497.8) E &i(-*978) - 


33.6 


$3065 28504978) — 233( 530-6) m 530:6) 
a50 m 


-4978 - .3°4( 530-6) -24:8 (C 4979) -43014978 - " 
"opere MIC RIO PGBs oe ose) M r9 X OA ELS 


530-6- s E e(c*979 - £:3(530-6) - /23( 530-6) 


= -4978- 


-«908- £2(624:5) - ppm - $&( 2559) - 
43:6 


320:5- £&(-29»9) - Eel- 524-3) 
S6 


— 497.8 —2s(rra) = 64 NS - 6$ L8») 
344 

530-6 - 25(/o-8) —5-5( 77-8) — 5-5(/3-9) 
27-0 


- 4978-24 (/2:9) — 6-4(-/0-8) - +-:9(-14-0 -1s(0,) 
298 


$30-6— 27(-/*o) — +.9(73-9) - 4-9(18-7) 
23-¢ 


— 497-8 —17( 18:1) ~4-9(-14-0) — 3.2209) - (5-8 
22-6 


$30-6— 1-7(.27-5) — 3-2( 797) — 3-2(26-5) 


762 
- 490-8 — 47(28-5) 2 3-2(-279) - +8(379 ~+5C0,) 
16-4 


524.5—1-7(-374) — ^s(28&.5) - +8 (48-4) 
40-6 


— 293-8 — +o(4e-¢) = 1e(.az9 - rol6u:) 
7-6 
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Angular Rotation of Joints (Conty.) 


2nd. A bproximet ien 


p 53o6- 25(-144)-5:5(14:2) 


& = 


25:8 


-4918-25(i«2)- es( ie. ~6-4(43-7) _1+s(-6,) a 


33-6 


530.6. 21 (427) -5:5(14-2) —49(17%0) 
077380 — 


-«918- zi( 70) - (42.7) -4-9(-12-5) - 159) 


26:8 


53o-6- (1 (8.5) - (170) -a2(2s.s) 
13-6 


-4978-1-7(268)_3-2(-1¢5) -32(-26-) —+s(-@) 
19:3 


52«5- (7(.265) -3.2(25- e) -ra (+2 5) 
Se ae e 


-49o8- i7 (42:8) -48 (-269 —18(-417) - 7C o) 
— I EC 


320-5- ro(-«i7) - (2.5) 
—— se 


-*978- as(,a-9) m d ito) -45 C 8,) 


344 


6306-2-(-1-0) -5-6( 12-9) —s5(15-9) 
py Ore = eae ce M AI em 


—497-8. 2i( i59)- ma to) —es( ied) - (s 8) 


29.8 
53e6- 21(-149-49(159) —40(202) 
HERBUTROLOCLONGEIgS T LII 


-4974- (293) -49 Cie). 2220239 -7s(-82 
MISSED EIN DEEST: 


$30-6- e7Car9 - 3-2(20-2) -aa(3e-7) 
46-2 


—+906— er(so7) -32 (2224 -1£8 (364) - esa 


16-4 


624-5—17(-364) -48 (30-7) — ra (sio) 
— oe - 


e 
=2938- ^o(So ) -ra (-364) -r0 (8) 
76 
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D/ +. 


an? Approx'n. 
Racians x 34,650. 
18:9 19:4 
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| Mg, - 5573- asas. J«(- "o )]- 
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Simple Mid- Span Moments in Beams (from 2esign Sheers 


Tu. 4456 x/2 = S347 fon-ins 
RS. 72 38 x/2 = 8686 
Mo, etc.: 7329 «/2 = 879.5 


Frame Moments (fon-ins units.) 


End Momants in Beams 


Me -= 3362 —rola(ses ee +25)]- 


275.77 


Moy =.-3362 —ro[2(-4a-s)+( si5])]- -302-7 


My 424- +0[2-42-5)+(42-5)]_ 84-9 
Mas = 5503- rle (42)}+(- 361 ]]- 
Mpg -5503- BAT Be ]- -4976 
Myo = 595- rs[2(-361)+(364)]= 113°6 


Mpg > 5573- rallar: na 27.4]]- 
Map = -5ST3- e[2 627-4) (7 J- -5100 


Maas 595- +5[2(-27-4)+( 274) ]— 


Mg = 5573- 1[a( 25:9 +(~ 22-3 Jj- 
Moy = -5573- io (-22:3) (25-0}]- -524-0 
Mam 895- ^s[2 t 223)«(22- a3)]- 


M. 5573- safe (20-5) +(- 18-5 ]]- 


Mm = -5513 1-7[2(-18-5 )+ (20-5) ] = - 5295 


PT uer 


- 


595- «s[2(- 18-5 )+ (/&:s)]- 


My = 5572-24 [2/6-9) +(- 14:9 J]- 
Myar = -55T3—24 [2U-r+-3)+ ( 160) }= -528-3 
Map 59S s[2(-14-9)+ (/*9)]- 81:8 


Moy = 557-3- 2pGe«)«(- 3-8 m 517:4 
Mug m -55Ta- 2u[a2(-73-8-)+ (1e 4)]- -533-8 
^um 595m 1S[2(- 1/38 )4(s2-8)]- 80-2 
5178 
5368 

760 


Ma = -5sr5- 2s[2(- 0o )« (15 «)]- 
Mem 595. rsa Cu o)« ( m eJ]- 


Meg = 5573- ass )4(- i+ «]]- 
Mae = -5573-2s[a(- 5) (/97)]- -532 © 
Mam 595~ 15/2 (-/4 st is- es 


49847 


4y 


4707 . 


52rF4 ` 


b/s 
B/t ro B/S) 
vut S 62 x/2 =» 67-4 fon-ins 
Ss’: 7-89 4/2 =947 -~ 


oof atc . 789 4/2 = 99 7 


Mid-Spon Momants tr Beams 
Tu” 534-7 -( 2157+ 3027) - 2455s 
EL 2 


uu’ 67.4 — 84:9 ee (T$ 


669.6 - (22623 +97.6) = 3840 


Ss’ 947—036 - - 199 
PQ 868-6 (497 4310c i sio) = 368- 
Qa’ 94-7 — 400'6 -— $9 
No a7o.s- (21925 524-0) - 362-4 
oo! 94-7— 92:9 - rE 
em 879-6-(si904529:3)- 355-3 
MM' 9+7- 872 - 75 
JK  87e-s-( S244 528-3) = 3547 
KK!  947— 6-8 - 9 
QGH 8ro-5- (554 521-9) = 353 9 
HH' 947—802 = 45 
EF 879-5- (sa + $268) - 3527 
fF’ 947- 76-0 - 18-7 
cb 879:5- (290145326) - 364 | 
b» 997- 813 - 13 4| 


STEEL FRAME BUILDINGS 


Enga Moments in Columns 

Mpa O- rele(srs)+( 42 )] =-259 6 
Mpy = © -ie[2(972)« ( sis )] 2-244 0 
Meo- ra[2 7 52:5). (- 364)]- 218.0 
M. 20 - ¢8[2(- 367). C42 5)] = 2065 


Mapa 0 ~ralalera) «( arr )] --2992 
Mpg = 0-18 HEZ +{ 412) ] = 1861 
^no -re[2C 36). C27«)] = 17933 
My 0o-78[3C274)« (-36/)]- 763-6 


^o ~3-2[2( av) +( 26-0) | =-279:0 
Maero -3-2[2(250) £(2314) ] --2569:5 
Nag = © ~32[2(-27-4)4(-22.2) ]= 246-7 
Ma” 0 -3.2[2(- 22:3) + (- 27-4) ] = 230:4 


Mn, = œ 32[2(250) + ( 20-5) ] 4-225 
Mao —3-a[a( 20-5) +(as-o )] --2/l:A 
Mn- o 330 233) Cies)]- 207-9 
M= o -322b ies) (223)]- . ee 


M-o -«s bass + ( 16-0) | =-279-3 


^f, no -e»BGeo) «( 20-5) ] =-2573 
My, = 0 ~#>[2(- 18-5) 4 (- 74-9) ]= 254-3 


^f, 4,70 -4 2C- 14:2) + (- 18-5) | 336.7 


^$,79 -«bGeo) «(76 4)] 
hz -**b( 6-4) + ( 16-0) ] 
Mauno -*9bCo 14:9) 4(- 13-8) ]= 203-4 
Muy ao -«bc 3-8 )+ (- 14-3) ] = 208-3 


== 2387-2 
= -239-/ 


4,29 -5-s{2( ha) l x4) | --254.! 
Mag © ~5°5[2( 13-4) +( 164) ] =-237-6 
Mun = 0 6 4[2(- 138 ) + (- ito) |= 2470 
i -6-42(- tho)+(- 12-8) |= 229°/ 


Mag TO - ss[2(03 *)+( im, )] a -2$2.4 
Me” -ssb(^s 7) +( /3 «1) =— 283-8 
M= o-esh(- no)«(- 145) ]= 233 6 
^, = o —6 4[2 (- 14 s) +(- ire) ]* aseo 


Men = 0 - sli 191) + ( o )] 
M -o -+9 ( o )+¢ T2724 2-936 
^s 7o, -67[2 4 5) +(- o )]= s9e2 
^4,7o-e7h(- o )4(-145)]= 971 
a 


=-/872 


Frame Moments due ta Vertical Loading. 


Fig. 46. 
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and are reproduced here (in Fig. 47 


their theoretical derivation. 


) without considering further 


It wil be noted that the total 


maximum permissible stress in these curves is limited to 9 tons/in.? 


for small values of L/z, and while this is accepted in checking the 
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stresses in the columns on Design Sheet D/8 it will be appreciated 
that this relates to plain steel columns, and that with concrete 
casing an increase to, say, 10 tons/in.? would be in order. 


In Design Sheet D/8 the “cut-off” value of the length of the 
column L, obtained by subtracting the depth of the beams from the 
storey height, is used. Here again the approximate wind moments 
from Design Example (C) are taken into account and the permissible 
bending stresses in the columns as obtained from the design chart 
(Fig. 47) increased by 25%. Since the computed values of the 
bending stress (/ ^5.) are less than the permissible values (F^), the 
trial column sections are adequate. 


Welded Gonnections.—In Design Sheet D/9 welded frame joints 
at the 8th and 3rd floors are designed for the moments due to 
vertical loading and wind forces acting together. The web of 
the column at the joints is strengthened by means of horizontal 
plates welded between the flanges as shown in Figs. 48 and 49. 


Economy in Steel. 


Beams.—The chief saving in steel by the rigid method of design 
in Design Example (D) is in the main beams of the 5th to 8th floors. 
In the outer bays of the frame at these floors a 15" x6 x 45 Ib./ft. 
R.S.J. is sufficient when the frame moments are taken into 
consideration compared with the simple method in Design Example 

. (B), according to which a 16" x 6" x 62 Ib./ft. R.S.J. is required. 


Columns.— The basic section for the columns in the rigid frame 
analysis is a 12" R.S.J. compared with a 14" R.S.J. in the simple 
design. However, a revision of Design Example (B) indicates that 
a basic 12" R.S.J. section would be adequate for the columns there 
as well, so that the only saving effected in the columns in Design 
Example (D) is in the width of the flange plates. These in Design 
Example (B) are 14" wide in the storeys having a 14” x 8” R.SJ. 
section and 12" wide in the storeys having a 14" x 6" R.S.J., whereas 
in Design Example (D) the corresponding widths of the column 
flanges are 12" and 10”. An important consideration in selecting 
the wider flange plates in Design Example (B) is that the moment 
connections to the columns of the lower floor beams require four 
rivets in line (see Figs. 37 and 39) In the design of the welded 
connections of Design Example (D) the length of fillet welds required 
to resist the moments at the joints can be accommodated within 
the 12” or 10” width of the column flange plates. 


Following a redesign of the columns of the three-bay, nine- 
storey building of Design Example (B) by the simple method with a 
basic 12” R.S.J. the estimated total weight of beams and columns 
of a main frame is 17-4 tons. For the frame of Design.Example (D) 
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Check oo Stresses in Beams 
Roof Beam Mk, Ril. ( Uu‘ /ig 6) 


2 for trial section = 2925 in 
Max. Mt due fo deed ond superimposed loade (2/6) = 81:9 fon-ins. 
i = 8r9 = 2:8 fons /in® 
29-35 
Roof Beam (Mk. RI. (TU, Fig.46) 
Z fer fra secfiorm = 43-62 in. 
Max. Mt. due to dead anc! superimposed loads (D/e) = 302:7 fon-ins. 
fy 392:7 = 6:95 fons[m?. 
43°62 
It to 8% Floor*Beams Mk. Fil. (ss' efc.) 
Z for frial section = 36-64 in! 
Max. Mt dua te dead and superimposed loods (bye) € 112: 5 fon-ins. 


4, - HUR S = 3°06 fons /in® 
36-84 : i 


Max. Wind Mt. on J" FI. beam (approx. C[5) | 2573x/2 = 308-76 fon-e. 
Cerreapendiog Mt. dua fo deed anc! supar. loads (D6) =_ao:3 -~ 
Max. combined Mt on 1* FL. beam. . -389:06 * 


Fa 9-0 = lo Ss fons/in?, . 
36'°64 — i À 


Max. permissible bending sfress when, vind. forces are. 
fakén mts account: 
S: A e 19:0 + 285 %= . 12:50 fons /in?. 
Sh te B? Floor Beams. Mk.Fl. (RS ee.) 
Z for trial’ section | =. 65-59 int 
Max. ME due to dead and Superimposed leads (D/6) =s 29-3 fon-ins.| 
$e 33 = 8-07 fons /ih? 
Max. Wind Ht. on $'* Fi. beam (approx. cjs) 25-4842 — 305'76fon-ins. 
Corrasbonding Mt. due fo dead and super. loads (5e) $/09-O  * 
Max. combined Mh on 5^ Fl. beam 824-76 -* 


ft. 824-76 = (2:56 fons/in 
$ 5:59 ner 


/* ¢ 2"* Floor Baemo. Mk. Ft (Cb € EF, Fig.46) 
Z for friel section = 90-63 inè 
Max. Mt dua" te dead and suparimpesed loads (D/e) 


L EI : - $:9 I ri 
4, ito 7 fons [in 


Mex. Wind Mk on 1% Fl. baam (ebbrox., c/s) 53-05 xi2» 
Corresponding Mf. dus te daad and super. loads (D/e) = 
Max. combined Mt. on 1% FL beam 


f- {22-72 = (2-5! flons[in* 
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Dla 
Check on Stresses n Columna 
Intarnal Column Mk. A 
4™ Sforey 
Trial section consists of o 12°16 244th RSI with 2/10". P plates 
A = 13:00 + /$-00 ~ 28°00 in? 


A, o - 927.06 int 


Zu -= 927T.96x2 - (37:5 an 
nr 

L >» 15€ - (S (sag )e ser" Min r = oa(be4)- 28 
da 44 - so 
r 2.8 
Diract load (8/2) = (734 tons 
{= /734 = 6/8 fons? 

28°00 


Max. Mt. dua to dead and superimbosad foods ( D/é) = 24 fenis 


fso = a = bse loos[ii 
37-3 


fram the design chart for columns (Fig. 47) the 
mox. parmissible compressive strass due to bending: 
fon = 2:6 tons / in. 


Wind MF. (approx. from c/s) = ITEL si? m 20904 * 
Max. combined MF. on internal 4° Sloray column e 422495 7 
5 = 4422:44 = 307 fons [int 
137-3 
fe = 4.60 e 256% = 3:28 fens | in? 
per Storey 


Trial Section consists of A /2'48' 65 1b. RSJ wih 2/12% Ha" plates 
A = I9:2 + 2500 = 462 in? 


lan = (655-45 ine ‘ 

Za = = :66145.2 — 232-02 in! 
DAFT 

L = ae€-g8'(sey) ~= 166" Min, r = ou(be«)m- sa" 

TE gom 

Direct load ( B/ro) =266:97 fons. 

a = 26607 - $"T9 fons [in*. 

Mex. MA due to dead and Suparimposed loads (^/e) = /94'2 fon-ins 

hig = ` 194-2 = 0'84 tons [i*. 
2382702 


From design chart for columns, tha max permissible 


compressive stress due to bending: 


Pog = 2*8 fons fin. 

Wind Mt. (approx from c/s) 2 44-314 12 = 53/72 
Mos combined Mk on internal 1t storey column = 725992 * 
Toc - E = 343 fons fin? 

fe >» 2-80 *25* = 55 fonsjin> 
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b[e 
Weided Frame Joints 


8° Floor Beams Mk F1. 
Tefal vertical Shear of joint, (opprex from BfiS) = 14:73 Tons 
E mphying 2[53'. *' flats in 


web connection; ond a i 


Column 


Sheer stress (^. % filet welds 
ef €'Sfens]in*, length of 
filet weld raquired 


= 4°73 2/038" 
CITUR 0:38» OS M [e 8 (sey) 


= 9.25 s (min.) 
this is provided by 2-flets © 
in length 


Mt. ot Jont due to dead ond 

Super. loads (0/6) 24707 fon-ins. 
Max. Wind Mt. (approx from C/5)= 1944 * 
Max combined Mt. = S54 c 


Since wind moment is less than 25°% 
of normal frame moment on beam due to dead and super. 
loods, tha flange connections are designed for the normal 
fame moment of 4107 fen-ins ata stress on fillet welds 
of 65 febs[in?. 


- Flange force = 4i = 3-5 fons. 
15 
Empleying 4&°-welds, length of weld requd 
E ET 2[o:s" (se = i77" j 
SISTASSOICS ` / (sey) (203 


With 6% 443 L's as flange cleats, length available for welding: 
cleat-to- column Z4. 5% 2/2°= 17" ( see Fig. 48) 


C/aat-fo-beem 2/[5'«5'« 16" |, i 
t 
1 
3"7 Floor Beams. Mk. Ff. 
Web connections as above EE 
Mt-at joint due fo dead and d 
Super. leads (2/6) = SITA fon-ins. i 


flange elaahe 
% (6464 6215. RSS 


Max. Wind Mt (approx 

from C[5) 243698 - 
Max combined Mf.29542 - 
Flange force asta = 59:5 fons 


Length of ^' Fillet weld 


requd = POALI CETA + 2[o-5 (say) 
= 21-7" (min ) 
With split. beam flange-claa/s out of a 
161 x 62h RST length available for welding. 
claat-to-column 2/6"+ 9°+2/3" = 27° 
" cleat - fo - beam 2/e5'«e2/[a^ = 277 
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this weight is 15-7 tons indicating an overall saving of 10% in the 
steelwork. The rigid method of design and the welding of the frame 
joints each account for approximately half of this saving in steel 
for the building frame considered. 


Further Study.—Several points arising out of the rigid frame 
analysis are suggested for further study :— 


(a) The frame considered is symmetrical and subjected to 


(b) 


(c) 


(d 


S” 


symmetrical loading so that the problem of side sway has 
not arisen. 


It is impracticable in design to consider all the variations 
that might occur in the arrangement of floor loads in order 
to find the critical conditions for each storey length of the 
columns, although certain alternative arrangements might 
be investigated. 


In Design Example (D), although the superimposed loading 
on the columns is reduced from floor to floor below the 7th 
in accordance with established practice (see B.S. 449, C1. 8) 
the frame moments in all beams and columns are computed 
from the end moments due to the full design loads on each 
floor (see Figs. 45 and 46). 


The rigid frame analysed is highly indeterminate so that if 
any member of it is over-stressed there is no immediate 
danger of the frame collapsing. Overstress in any beam 
would result in the formation of “plastic” hinges at the 
critical sections and cause a stress redistribution throughout 
the framework. The beam, meanwhile, would not fail at 
once but would change its mode of supporting its loads. 
Such considerations as these have been advanced in advo- 
cating increased permissible design stresses for rigid frames(?). 
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List of A.E.S.D. Data Sheets. 


Safe Load on Machine-Cut Spur Gears. 

Deflection of Shafts an eams. 

Deflection of Shafts and Beams (Instruction Sheet). } Connected. 
Steam Radiation Heating Chart. 

Horse-Power of Leather Belts, sic 

Automobile Brakes (Axle Brakes). ] . 
Automobile Brakes (Transmission Brakes). Connected 
Capacities of Bucket Elevators. 

Valley Angle Chart for Hoppers and Chutes. u . 
Shafts up to 54 inch diameter, subjected to Twisting and Combined 
Bending and Twisting. u . 
Shafts, 5$ to 26 inch diameter, subjected to Twisting and Combined 

Bending and Twisting. 
Ship Derrick Booms. 
Spiral Springs (Diameter of Round or Square Wire). 
Spiral Springs (Compression). 
Automobile Clutches (Cone Clutches). 
» » (Plate Clutches). 
Coil Friction for Belts, etc. 
Internal Expanding Brakes. Self-Balancing Brake ) 
Shoes (Force Diagram). : 
Internal Expanding Brakes. Angular Proportions f Connected. 
for Self-Balancing. 
Referred Mean Pressure Cut-Off, etc. 
Particulars for Balata Belt Drives. 
E Square Duralumin Tubes as Struts. 


i" Square Steel Tubes as Struts (30 ton yield). 
^ »» »? n (30 ton yield). 
1* s.» ae » (30 ton yield). 
j* » a ae (40 ton yield). 
$^ oe a? ” (40 ton yield). 
1 » » » (40 ton yield). 
Moments of Inertia of Built-up Sections (Tables). 
Moments of Inertia of Built-up Sections (Instructions Connected. 
and Examples). 
Capacity and Speed Chart for Troughed Band Conveyors. 
Screw Propeller Design (Sheet 1, Diameter Chart). 
» » » (Sheet 2, Pitch Chart). Connected.. 
» » » (Sheet 3, Notes & Examples). E 
Open Coil Conical Springs. 
Close Coil Conical Springs. 
Trajectory Described by Belt Conveyors (Revised, 1949). 
Metric Equivalents. 7 
Useful Conversion Factors. 
Torsion of Non-Circular Shafts. 
Railway Vehicles on Curves. 
Coned Plate Development. 
Solution of Triangles (Sheet 1, Right, Angles). 
Solution of Triangles (Sheet 2, Oblique Angles). 
Relation between Length, Linear Movement and Angular Movement 
of Lever (Diagram and Notes). l 


» 3 35 3 iY] » (Chart). 
Helix Angle and Efficiency of Screws and Worms. 
Approximate Radius of Gyration of Various Sections. 
Helical Spring Graphs (Round Wire). 
» " » (Round Wire). Connected. 
" » » (Square Wire). 


56. Relative Value of Welds to Rivets. 

58. Graphstor Strength of Rectangular Flat Plates of Uniform Thickness. 

59. 2; Deflection z "m » » » 

61. Deflection of Leaf Spring. 

62. Strength of Leaf Spring. 

63. Chart Showing Relationship of Various Hardness Tests. 

64. Shaft Horse-Power and Proportions of Worm Gear. 

65. Ring with Uniform Internal Load (Tangential Strain) 

66. TEENS n? 5 (Tangential Stress) Connected. 

67. Hub ined on to Steel Shaft. (Maximum Tangential Stress at Bore 
of Hub). j 

68. Hub Pressed on to Steel Shaft. (Radial Gripping Pressure between 
Hub and Shaft). 

69. Rotating Disc (Steel) Tangential Strain. 


70. js n: M Stress. Connected. 
71. Ring with Uniform External Load, Tangential Strain. 
72. LLI » » $5 3» Stress. Connected. 
73. Viscosity Temperature Chart for Converting Commercial 
to Absolute Viscosities. 
Connected. 


74. journal Friction on Bearings. 
75. Ring Oil Bearings. 
76. Shearing and Bearing Values for High Tensile Structural Steel Shop 
Rivets, in accordance with B.S.S. No. 548/1934. 
78. Velocity of Flow in Pipes for a Given Delivery. ^C 
79. Delivery of Water in Pipes for a Given Head. onnected. 
80. (See No. 105). 
81. Involute Toothed Gearing Chart. 
83. Variation of Suction Lift and Temperature for Centrifugal Pumps. 
89. Curve Relating Natural Frequency and Deflection. 
90. Vibration Transmissibility Curved or Elastic Suspension. \ C 
91. Instructions and Examples in the Use of Data Sheets, 'onnected. 
Nos. 89 and 90. 
92. Pressure on Sides of Bunker. 
93-4-5-6-7. Rolled Steel Sections. 
98-9-100. Boiler Safety Valves. 
102. Pressure Required for Blanking and Piercing. 
103. Punch and Die Clearances for Blanking and Piercing. 
104. Nomograph for Valley Angles of Hoppers and Chutes. 
105. Permissible Working Stresses in Mild Steel Struts with B.S. 449, 1948. 
106. Compound Cylinder (Similar Material) Radial Pressure of Common 
Diameter (D1). 
107. True Angles for Pipe Bends. 
108. Development of Spiral Chutes. 
109. Vertical Pitch of Panels in a Frame with Bracing at a Constant Slope. 
110. Permissible Stresses in Cranes—B.S. 2573. Table 1—Values of A & B 
Tons/Sq. In. 
111. Permissible Stresses in Cranes—B.S. 2573. Table 2—Values of A & B 
Tons/Sq. In. 
112. Permissible Stresses in Cranes—B.S. 2573. Table 3—Compressive 
i Stresses in Axially Loaded Struts. 
113. Permissible Stresses in Cranes—B.S. 2573. Table 4—Power Driven 
Rivets and Fit Bolts. 
114. Permissible Stresses in Cranes—B.S. 2573. Table 5—Power Driven 
Rivets and Fit Bolts. 
115. Rectangular Weld Groups with Eccentric Load in Plane of Weld. 


(Data Sheets are 3d to Members, 6d to others, post free). 


Orders for Pamphlets and Data Sheets to be sent to the Editor, 
The Draughtsman, cheques and orders being crossed “A.E.S.D.” 


te. 


